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CHAPTER I. INTRODUCTION 
Interest in the study of the economics of health is a 
comparatively recent phenomenon. Economists in the past have 
devoted considerable energy and resources to the study of 
manufacturing and transportation in particular, generally 
giving little attention to the service sector. The study of 
the banking system is a notable exception to this last gen­
eralization, Yet there are several reasons why the economist 
should be interested in the study of health. Geographically, 
the health industry represents a very ubiquitous type of ac­
tivity, This industry in 1962 was approaching a 30 billion 
dollars a year operation {7h, page 6). Thus, the study of the 
health industry is the study of an important sector of the 
economy. 
The health industry has several characteristics which 
make it at the same time more interesting but also more diffi­
cult to study than manufacturing, for example. The tradi­
tional goal imputed to the entrepreneur in the theory of the 
firm is the maximization of profit. This assumption is singu­
larly inappropriate in the case of the health industry. It is 
further difficult to hypothesize what a reasonable objective 
function for the health industry would be. The problem of 
external effects is more prevalent in the production of health 
services than in most types of economic activity. The social 
benefits of providing health services are much greater than 
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the private benefits, notably in the treatment of infectious 
diseases. Some health services, notably some of the environ­
mental health services, can be classified in the category of 
public goods. One person's enjoyment of the benefits of air 
pollution Control does not subtract from another person's en­
joyment of these same benefits. All of these externalities 
render the usual optimal solutions to competitive models non-
optimal, Stated another way, no possible price system in a 
competitive system will lead to a welfare maximum, assuming 
this can be defined. 
The policy implications of research findings regarding 
the health industry are more easily put into practice than 
would be the case in research on manufacturing or trade, for 
example. This is because much of the decision making in the 
allocation of resources to health services is done by admin­
istrative agencies, not by private individuals. The actions 
of these agencies can be more readily influenced by research 
findings than would be true of private decision makers, due to 
the smaller number of decision making units involved. 
These are reasons why economists in general should be 
interested in exploring the economics of health. There are 
even more compelling reasons why manpower economists in par­
ticular should be interested in studying the health industry. 
Compared to other industries, the health industry is rela­
tively labor intensive (7%, page 6). Employees in the health 
field include^ hysicians, who are among the highest paid and 
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most highly skilled workers in the labor force, as well as 
hospital ward maids, who are among the lowest paid. Almost 
all intermediate skill levels are also represented. Further, 
if one is to believe much of the literature on the subject, 
labor market imbalances among many of tha occupations repre­
sented are very serious. Acute shortages of physicians, den­
tists, professional nurses, and many other skilled occupations 
are said to exist (^iL|., page 8), and are expected to persist 
and perhaps become even more serious in the future unless 
rates of training or other variables are altered. It is to 
this aspect of the economics of health that this study is de­
voted. 
Specifically, the purpose of this analysis is to develop 
a model, or conceptual framework, within which to analyze the 
nature of the supply of and demand for health manpower. The 
model is designed to predict, under certain assumptions, the 
demand, supply, excess demand, and employment of health per­
sonnel for some period in the future. As presently developed, 
the model is applicable for forecasts of five to fifteen years 
into the future. Simpler models may be more efficient for 
forecasting periods of less than five years, and while the 
model presented herein can be used for forecasts of magnitudes 
more than fifteen years into the future, some modification of 
the means used to estimate parameters is desirable. This is 
discussed further in the last chapter of this study. 
The conceptual model is presented in outline form in the 
h 
next chapter. Chapters three through six discuss particular 
aspects of the model in some detail, giving the reasoning be­
hind the specification of the model presented. Chapters 
seven through twelve are devoted to testing the model and il­
lustrating how it may be used. The concluding chapters eval­
uate the forecasting accuracy of the model, and discuss possi­
ble variations which may be useful in certain circumstances. 
Requirements Versus Need 
It Is necessary at the outset to define rigorously what I 
mean by manpower "requirements". Most previous studies have 
in one sense or another concentrated on something more prop­
erly designated as the "need" for manpower in certain occupa­
tions (77, page I83 - 191). Most of these studies, including 
the above source and the Health Manpower Sourcebook (109, 
pages l|.l and 60), for example, select some employment to popu­
lation ratio as a standard and then forecast "need" based upon 
this completely arbitrary predetermined norm. We have, for 
example, an estimate of "number of dentists required In 197^  
to raise below average states to the 195^8 average national 
dentist population ratio" (109, page 60), and "number of phy­
sicians required In I960 to maintain the 19l}.9 physician -
population ratio" (77, page 185^). I am not talking about 
"requirements" in this sense, for a very simple reason. If we 
wish to forecast requirements based upon "need", we must first 
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make several value judgements to determine "need". To be even 
reasonably objective about this determination, it becomes 
necessary to define some "index of health", and to determine 
the change in this index caused by the addition of one physi­
cian, nurse, and so forth to the active labor force, A value 
judgement is still required to select an acceptable or opti­
mal "index of health". Although some research has been done 
on an index of this type, as discussed below, knowledge has 
not progressed to the point where such an index can be used as 
the basis for forecasting manpower "needs". Thus, any fore­
cast of manpower needs made at this point is dependent entirely 
upon an arbitrary value judgement, I propose to be more ob­
jective and pragmatic than this in this paper, I define man­
power "requirements" for occupation j as the number of persons 
who would be employed at given wage rates if there were no 
shortage of available trained personnel, given the amount of 
resources available to pay them. This is identical with the 
economists* concept of demand, I claim this concept is supe­
rior to the "need" concept for at least two reasons. First, 
demand is at least conceptually measureable without recourse 
to any value judgements by the analyst. While it is no car­
dinal sin for the analyst to make value judgements, as long as 
they are explicitly stated, his results will be more accept­
able to policy makers the smaller the number of value judge­
ments upon which these results are based. Second, any fore­
cast of manpower requirements based upon the concept of "need" 
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ignores the fundamental economic tenet of scarce resources. 
If we were to expand the supply of nurses to meet "need" by 
increasing the output of training institutions, we would still 
not have assured that the health industry will have sufficient 
resources available to hire all of the personnel trained. For 
policy making purposes in a short-run period, I believe the 
concept of demand is far superior to that of "need". 
An Index of Health 
The above statements are not intended to imply that re­
search on "needs" is not important. It is simply a different 
problem than the one which I wish to consider, A brief resume 
of the foremost current research on an index of health is in­
cluded below, as a stimulus to further thought on the problem. 
In order to be useful, any index of health must be capable of 
handling empirical data. For this reason, most indices de­
veloped to date are expressed as mathematical models, An in­
dex of health must consider information other than mortality 
data, even if this is broken down by age and sex, cause of 
mortality, or other relevant breakdown. Morbidity information 
is also pertinent. There is, however, a measurement problem. 
This requires the specification of some type of social welfare 
function, either explicitly or implicitly. Using one welfare 
function, we can measure losses due to death or ill health in 
terms of gross national product foregone. This would imply 
that there is no social cost involved when a retired individual 
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becomes ill, and maximization of social welfare would dictate 
devoting no resources to the care of such individuals. On the 
other hand, if we allow noneconomic variables to enter into 
the objective function, then the aforementioned measurement 
problem becomes important. How does one measure the cost of 
"suffering"? 
Because of these conceptual problems (103), several sim­
ple indices of health have been proposed as proxies for some 
more refined index. Swaroop and Demura (90) have proposed 
that deaths at age 5^0 and above as a percentage of all deaths 
is a useful measure where data on vital statistics are very 
scarce. In countries such as the United States, where more 
detailed data from national health surveys is available, more 
complex and theoretically more correct indices are obtainable. 
Perhaps the most advanced model proposed to date was intro­
duced by Chiang (118), His index of health, denoted H, is 
equal to l/P S P fl - (F ^  + l/2 m )1 , using his notation. 
X X L  X X  X  J  
P is the size of the total population, while P^ is the number 
of persons in age and sex category x, is the observed 
average number of illnesses per person per unit of time and 
is the average duration of illness in the same time period. 
Both and can be derived from sample data. The age-
specific death rate, m^, is the proportion of persons in age 
and sex category x who die during the time period in question 
(103, pages 10 and 11). Chiang then treats H as a random 
variable taking on values in the interval 0 < H < 1, and 
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computes the moments to get estimates of the mean and variance 
of H, Because H is affected by the age and sex distribution 
of the population in question, it is not useful for comparing 
two populations having dissimilar age and sex distributions, 
Chiang introduces an "age-adjusted index of health", which can 
be used to compare the state of health in different nations, 
states, or the same nation or state at different points in 
t ime, 
Note that this index still does not tell us the optimal 
amount to spend on health, or the "minimum acceptable" level 
of the index. Much work remains to be done on this aspect of 
health economics. 
Projections Versus Forecasts 
There appears to be a lack of agreement regarding the 
difference between a forecast and a projection. Mangum and 
Nemore (62) make the following differentiation, 
I^t is common practice to differentiate between pro­
jections and forecasts, but in reality the difference 
is in the confidence of the forecaster. The projec­
tor, after examining past trends and current develop­
ments, develops implicitly or explicitly, a working 
model of the system. He sets forth a series of as­
sumptions about how the important variables are 
likely to behave in the future, and then uses these 
assumptions to modify extensions of the past per­
formance of the variables. The projector stands be­
hind his product only to the extent that his assump­
tions may be expected to prove valid, and the accuracy 
of his projections depends on both the realism of the 
assumptions and the identification of all the relevant 
variables. The forecaster is a projector who has the 
confidence and the institutional freedom to state his 
conclusions unconditionally and to stake his reputa­
tion on them,'' (62, page 2), 
9 
This is not the sense in which I wish to use these terms, 
I define a projection as the estimation of the magnitude of 
some variable at a future point in time, using as explanatory 
variables only current and past magnitudes of the same vari­
able. If X is the variable to be estimated and we are cur­
rently in time t, then a projection of x in time t+n must be 
of the form x^_^^ = f (x^, ^ -1» ^t-s^ by my definition. 
Projection is trend extrapolation, not necessarily linear, I 
define a forecast as the estimation of the magnitude of some 
variable at a future point in time, using as explanatory vari­
ables any other variables which may be considered to be rele­
vant, Current, past, or forecast future values of these ex­
planatory variables may be used. If x is the variable to be 
estimated and we are currently in time t, then a forecast of x 
in time t+n is of the general form x^_^^ = g(x^, x^_^, •••, 
%t-s* °t-r» Of 0^+1' *•*» Ô:b+m)' Ot denotes "other 
variables", and the bar denotes forecast values. It may be 
noted that by my definition all projections are forecasts, but 
the reverse is not true. 
The reason for making this distinction is that I feel 
projection techniques are of very limited usefulness. They do 
provide estimates of magnitudes for future periods, and may 
even be more accurate than more sophisticated techniques for 
short range forecasts. However, projection models provide 
almost no information regarding why certain changes in vari­
ables would be expected. It is simply assumed that all 
10 
factors which affect the variable being projected will con­
tinue to change in the same manner in the future as they have 
in the past. The number of assumptions needed for a projec­
tion model is smaller than for some other type of forecasting 
model, but they are correspondingly more heroic. For these 
reasons the model developed herein is explicitly designed to 
operate on principles other than projection techniques. In 
the empirical analysis of chapters seven through twelve, it 
may be noted that projection techniques are utilized for the 
estimation of many parameters. Two c crament s are in order 
here. First, it is by no means necessary that the model be 
utilized in this manner. In its full generality the model can 
accomodate numerous different techniques for the estimation of 
parameters. Second, even though projection techniques are 
used, they are not used to estimate employment or manpower re­
quirements directly. This makes the model developed herein 
much richer in potential information than a strailghtforward 
projection model. 
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CHAPTER II. PRESENTATION OP OVERALL MODEL 
The purpose of this chapter is to present a generalized, 
overall view of the model to be used to generate a forecast of 
manpower requirements and employment in the health industry. 
Discussion of the assumptions involved and the reasons for 
particular aspects of the model is reserved for subsequent 
chapters. The purpose here is simply to show "where we are 
going", so that the reader can interpret subsequent discus­
sions in the context of the entire model. Two models are 
usedi The first, referred to as the "recursive programming 
model^' is of primary interest. The second, referred to as the 
^'naive model^', is presented only to provide a standard of com­
parison for evaluating the forecast generated by the recursive 
program. 
The recursive programming model is formulated as follows, 
12 r ^ n • Minimize: ^ |^rj / Xj^J' 
• • •, n Subject to: x^^ < (1 + ^j,t-l ^ 
>0 j = v+1, v+2, n 
2 AAE^^ x^^ < TR^ J = 1, 2, •••, n 
The following matrix equations are also used, = Xj. + 
and A^  M^  = The naive model is simply of the form 
Xj. = Aj. again written in matrix notation. The symbols are 
defined as follows, 
j = an index number denoting occupations. 
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n = the limit to j, i.o. we are considering n occupa­
tions , 
k = an index number denoting categories of health 
services. 
s = the limit to k, i.e. we are considering s cate­
gories of health services. 
t = an index number denoting time, which is assumed 
discrete, 
T = the time horizon, i.e. the time period for which 
the forecast is prepared, 
B = the base period, i,e, the time period as of which 
the forecast is prepared, 
rj = a weight representing the "relative urgency" of 
reducing excess demand as a percentage of total 
demand for occupation j. 
x'.\ = total "ceteris paribus" demand for personnel in 
occupation j in time period t. 
Xj^ = employment in occupation j in time period t. 
Bj t ~ the maximum percentage increase possible in the 
number of workers in occupation j during time 
period t. 
Bj ^ = the maximum percentage decrease possible in the 
number of workers in occupation j during time 
period t, 
V = a number such that 0 < v < n which shows the num~ 
ber of occupations for which a lower bound to 
13 
supply is appropriate, 
average annual earnings in occupation j during 
time period t. 
total resources available to the health industry 
to be disbursed as earnings to personnel in the n 
occupations considered in time period t, 
a matrix with elements a^^^. These elements are 
referred to as "demand coefficients", and repre­
sent the number of personnel in occupation j that 
the health industry would desire to employ per 
unit level of demand for health services of type k 
in time period t, assuming that employment in 
other occupations is at specified levels, 
a matrix with elements a^^. These elements are 
referred to as "technical coefficients", and 
represent the number of personnel in occupation j 
that the health industry actually employs per unit 
level of demand for health services of type k in 
time period t, 
a vector with elements m^^, These elements repre­
sent the demand for health services of type k in 
time period t. The units in which the elements 
are expressed may vary within the vector, but are 
all expressed in some physical unit s ^ e.g. visits, 
patient-hours, admissions, persons, and so forth, 
a matrix with elements y. These elements 
ih 
represent excess demand for personnel in occupa­
tion j to provide health services of type k in 
time period t. 
For t = B+1, B+2, T, it is understood that values of 
all variables are forecast values, unless specifically noted 
otherwise. This model is based upon a recursive programming 
model developed by Richard H, Day for another purpose (36). 
The model used in this study differs from Day*s in several 
important respects. Day uses a linear objective function (36, 
page 23), while the model presented herein uses a quadratic 
objective function. This makes Day's concept of the equated 
Constraint matrix useless for our purposes, since a quadratic 
program may have "interior solutions" (5*2, page 11). Day also 
expresses his solutions in terms of explicit first order dif­
ference equations. This is not possible in the model utilized 
herein, because it utilizes variable coefficients. Further, 
these variable coefficients are not amenable to statement as 
explicit functions of time. This is true in particular of the 
®j,max,t• 
The following four chapters are devoted to analyzing 
specific portions of the model. Since the demand for labor is 
a derived demand, it is necessary to study the demand for 
health services. Further, since the personnel requirements of 
such environmental health services as sanitation differ 
greatly from the personnel requirements of mental hospitals, 
for example, it is useful to decompose the demand for health 
1^  
services into some ntimber of sub-components. The determina­
tion of this decomposition, as well as the determination of 
the independent variables useful in forecasting the demand for 
health services is the topic of the following chapter. 
If we have a forecast of Mip, the next step is to determine 
AjMj in the case of the naive model or in the case of the 
recursive program. In general, Ap and are functions of Ag 
and respectively, and certain exogenous variables. The 
forecasting of these technical and demand coefficients is dis­
cussed in chapter four. Note that forecasts could be gener­
ated by assuming the coefficients constant over time. Empir­
ical evidence and common sense tend to indicate that such 
forecasts would be of limited usefulness, at least for fore­
cast periods greater than two or three years. 
In using the recursive programming model, once we have 
= we have still only considered 
the demand side of the market. In fact, we have only con­
sidered what I term "ceteris paribus" demand. That is, we 
have considered the demand for personnel in each occupation, 
assuming that employment in other occupations is at certain 
levels. We must introduce the total resource constraint, 
which essentially may make it impossible to attain the ceteris 
paribus level of demand for all occupations simultaneously. 
Supply considerations are discussed in chapter five, and the 
total resource constraint in chapter six. 
The objective function used herein is assumed to be the 
determined a vector X™ 
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objective of the health industry, and not of society as a 
whole, to the extent that these differ. The solution to the 
constrained optimization problem therefore represents manpower 
requirements as modified by supply restrictions, and has 
nothing to do with the concept of "need". This solution rep­
resents actual employment as well as "effective demand" given 
the forecast supply conditions, taking into account simul­
taneous interactions between occupation groups. In an imper­
fect manner, substitut ability between occupations is thus con­
sidered, The reasons for the form of the objective function 
and a discussion of the weights for this function are con­
tained in chapter six. 
The recursive programming model may be tested by com­
paring the results of a forecast generated by using it against 
actual employment in the year T, at such time as this data be­
comes available, A test of this nature is undertaken in chap­
ters seven through thirteen. This tests the accuracy of the 
forecast of X^, Conceptually, we could test the accuracy of 
the forecast of by gathering data on when it becomes 
available, and adding this to X^. This is difficult data to 
obtain, and no direct test of the reliability of the forecast 
X^ is undertaken herein. The primary value of this forecast 
lies in its role in the recursive system of quadratic pro­
grams, By examining the nature of the Lagrange multipliers, 
which are defined in chapter fourteen, we can determine those 
occupations for which there exists a shortage of supply. This 
17 
furnishes a basis for policy recommendations regarding the 
level of operation of training activities. 
18 
CHAPTER III. THE DMMD FOR HEALTH SERVICES 
In the specification of any forecasting model, there is 
always a question of the degree of disaggregation in the vari­
ables which is to be used. The "optimal degree of disaggrega­
tion" generally depends in the first instance upon the pur­
poses for which the model is developed and the degree of accu­
racy desired of the forecast magnitudes. Unfortunately, in 
most instances the constraint of limited research funds is 
binding, causing some compromise of the desired state of af­
fairs to conform to the possible state. This compromise can 
be effected by making the variables of the model conform to 
available data, or by accepting "poorer" estimates of the 
given variables than would be desired. In ray opinion, it is 
preferable to have an estimate of the right variable which is 
based upon mediocre data than to have an excellent estimate 
of the wrong variable. In the analysis at hand, I am essen­
tially ignoring data availability constraints in the first 
six chapters, and am choosing my variables and the degree of 
disaggregation of these variables on other grounds. In the 
testing process of chapter seven, harsh reality causes some 
compromise of principles, but even here I am reluctant to 
modify the model to conform to available data. Rather, I use 
the best estimates I can get of the variables I hypothesize 
to be relevant « 
In this analysis, the number of classes of health services 
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considered is wholly dependent upon the usefulness of the 
breakdown for the purpose of forecasting manpower require­
ments, I am not attempting to use the results of this study 
to influence policy on the number of hospitals constructed, 
or other similar problems. As long as the elements of are 
chosen in such a manner that the elements of Aj. are defined 
and can be forecast for some future period with a "high de­
gree" of accuracy, this breakdown of services is allowable for 
my purposes. There is perhaps no a priori means of ascer­
taining the "optimal" breakdown of services. The "optimal" 
breakdown may be defined as that breakdown which leads to the 
estimates of manpower requirements which most closely approxi­
mate actual magnitudes, I hypothesize that the following 
categorization is useful for my purposes, and subsequent dis­
cussion is couched in terms of this framework. It sh&uld ba 
obvious that the method of approach is quite general, and that 
the usefulness of this approach cannot be determined by its 
forecasting ability using any particular breakdown of the de­
mand for health services. It is o"iy the combination of method 
of approach and a given specificati .rx of variables which can 
be tested at any one time. 
The breakdown of hospitals into several categories is 
necessary for a model of the type developed herein, as man­
power requirements vary greatly from one type of hospital to 
another (Table 16), Also, it is all too easy to overemphasize 
the Importance of short-stay hospitals, since this is the 
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Table 1, Elements of Mj. 
k Description 
1 Services of short-stay hospitals, 
2 Services of nervous and mental hospitals, 
3 Services of "other" hospitals. 
Physicians' services outside hospitals, 
5 Dental services, 
6 Environmental health services, 
7 "other health" services. 
class of hospital most persons have the greatest contact with 
in the normal course of events. Yet, "More than half of all 
hospital beds in this country are occupied by the mentally 
ill" (72, page 4), 
is a function of several variables, the most important 
of which have historically been considered to be population in 
an age and sex category per capita disposable income 
and its distribution (D^ ), the price of services (P^ ), and 
various! institutional variables (I^^) . These institutional 
variables include factors such as the percentage of the popu­
lation covered by various types of hospital and medical insur­
ance . prepaid medical plans, and governmental programs such as 
medicare, We can thus write in vector-matrix notation 
= f(Eit, D^, P^, Ixt)* There is, of course, the danger 
that we may have ignored some important explanatory variables 
in this formulation, or that some different formulation would 
be more useful for purposes of prediction. For example. 
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considerable work has been done recently in analyzing the in­
cidence of illness by occupation. It is possible, but intui­
tively unlikely, that is a more stable function of the 
occupational composition of the population than of its age and 
sex distribution. In any event, better data on current and 
future magnitudes of the latter variable exist, and the inci­
dence of illness by occupation is not rer -mended as an inde­
pendent variable in this analysis. 
Empirical evidence tends to indicate that the demand for 
health services varies between geographical locations. Data 
from the recent national health survey (102, page 28) indicate 
that the number of discharges from short-stay hospitals per 
1,000 population ranged from 117.5 in the Northeast^  to 13^ ,8 
in the South during the period from July, 1963 to June, 1965» 
The number of physician visits per person in the July, 1963 to 
June, 196^ period ranged from L^,2 in the South to 5.^- in the 
West (128, page 13). The same source gives some evidence to 
indicate that these differentials are fairly stable over a 
five year period. The number of dental visits per person in 
the July, 1963 to June, 196^ period ranged from 1,1 in the 
South to 2,1 in the Northeast, 
These differences are often ascribed to "habit" or "cus­
tom", and are considered important in forecasting only to the 
U^sing the Bureau of the Census definition which divides 
the United States into four regions; Northeast, North cen­
tral, South, and West, 
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extent that significant shifts in the percentage of population 
located in different areas are foreseen during the forecast 
period. If geographical shifts in population are expected, it 
is difficult to ascertain the extent to which this effect 
would in turn cause changes in the per capita demand for 
health services within a region, I consider it probable that 
empirical analysis will disclose that or explain these 
geographical differences in rates of service utilization. 
Similar arguments could be raised concerning the differ­
ences in the percentage of population living in urban versus 
rural areas. Again differences in the utilization rates for 
various categories of medical services exist, as indicated in 
the following table. 
Table 2, Utilization rates for various categories of health 
services. United States, July, 1963 - June, 1964& 
Residence Discharges from Average Physician Dental 
short-stay hos- length visits per visits 
pitals per 1,000 of stay person-- - per 
persons person 
SMSA° 122.2 8.8 1^,8 1.8 
Outside SMSA 
Farm 111.7 6.8 3.3 0.9 
Non-farm li;^.0 7.6 I)..3 1.2 
^Source; Columns 1 and 2 (102, page 29), Column 3, (128, 
page 13), Column I|, (127, page 16). 
^Data for July, 1963 - June, 1965. 
^Standard Metropolitan Statistical Area. 
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It is noted that the farm population has a lower level of 
per capita utilization of the three categories of health 
services listed than do other groups in the population. Fur­
ther, since the farm population is declining as a per cent of 
total population (92, page llj.3), it may appear that the urban-
rural or farm-nonfarm population distribution should be an 
explanatory variable in forecasting the demand for health 
services. It is my hypothesis that this effect can be ac­
counted for by the per-capita income variable, i.e. it is in­
come and not residence which is determining. 
It is often suggested that the rate of utilization of 
health services is positively correlated with education levels 
(^8, page 29). The argument is that better educated persons 
are more concerned about their health, as well as being more 
informed regarding the advantages of using health services. 
It mi^t be expected a priori that better educated persons 
would make greater use of preventive services and regular 
check-ups than the less educated, which in turn might lead to 
a lower utilization of curative services by the better edu­
cated, In fact, it is conceivable that this effect could lead 
to a reduction in total health services used by better edu­
cated groups. Some evidence to support this hypothesis has 
been found (i|.3, page 6/;). Again my argument is that the per 
capita income variable should be highly correlated with the 
education variable, and in effect serves in part as a proxy 
for the latter. All of this is "armchair empiricism", and a 
good factor analysis study is needed to determine the impor­
tance of the education and farm-nonfarm variables. This is 
not attempted herein. There are numerous other types of vari­
ables which could affect the demand for health services. The 
degree of activity of various nonprofit organizations such as 
the Anerican Cancer Society in making the general public aware 
of the benefits of regular physical check-ups could affect the 
demand for physicians* services, for example. 
In this analysis, the four general categories of vari­
ables originally listed will be assumed to be sufficient to 
provide "good" forecasts of the demand for health services. 
For different categories of services, different variables will 
be important, I will consider below the effect of each of the 
four types of variables in turn, primarily by reference to the 
analyses of other researchers. 
Population and its Age and Sex Composition 
Disregarding changes in the age and sex distribution of 
the population, increases in the size of the total population 
would be expected to cause a proportionate increase in the de­
mand for certain types of health services, ceteris paribus. 
Examples are the demand for admission to short-stay hospitals, 
dental services, and physicians' office calls. There may be 
some effect of increased disease diffusion in a large popula­
tion, or more mental disorders simply because of the increas­
ing complexity of social relationships caused by a larger 
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population, but these effects are probably of very minor sig­
nificance and extremely difficult to estimate. In other types 
of health services, for example in the environmental health 
field, there is an element of the "community good" aspect 
present. It probably requires less than twice the facilities 
to provide sanitary sewage service to 2,000 persons as it does 
to 1,000 persons. For most categories of services, however, 
we may assume the demand increase is proportional to popula­
tion increase, everything else constant. 
The difficulty arises in the fact that everything else is 
not constant. As population increases, the sex and particu­
larly age distribution also changes. Further, the utilization 
of various categories of services varies greatly from one 
cohort group to another. Recent data from the national health 
survey (102, page 27) indicates that the number of discharges 
from short-stay hospitals for persons under Ij.5 years of age 
was 115.2 per 1,000 population, with 6,l\. days the average 
length of stay. For persons aged ij.5 - the comparable fig­
ures were 11|7«9 discharges and 11,0 days average length of 
stay. For persons 65 - 7h years of age the figures were l8l,3 
discharges and 12,6 days average length of stay. At least for 
persons over age Ij.5, the older cohort groups use hospital 
services more often, and remain hospitalized for longer period 
of time, than younger cohort groups. 
Another publication (116, page 16) gives data indicating 
that discharges from short-stay hospitals vary significantly 
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by sex as well as age. The data in Table 3 Indicate that 
hospitalizations per 1,000 persons are higher for females aged 
15" - kk than for males in the same age group, A large part of 
this difference is probably due to the fact that these are the 
child-bearing years. This suspicion is reinforced by noting 
that the average length of stay for females aged 1^ - 2l\. years 
is only If.,6 days, as compared with 9.3 days for males in the 
same age group. 
Table 3. Short-stay hospital discharges per 1,000 persons and 
average length of stay. United States, July, 1963 -
June, 196^8. 
Age Discharges Average length of stay (days) 
Male Female Male Female 
Less than l5 75.4 61.0 6.1 6,1 
15 - 2k 69.8 225.5 9.3 4.6 
25 - hh 87.2 219.1 9.2 6.1 
45 - 159.8 149.3 11.8 10.0 
65 - Ih 219.2 196.3 12,8 11.9 
75 and over 285.4 244.8 12,3 13.5 
^Source: (116, page 16), 
Because of its intuitive plausibility, it is perhaps not 
necessary to belabor the point that changes in the age-sex 
composition of the population will affect the demand for 
short-stay hospital services. The next question is, is the 
age-sex distribution of the population of the United States 
fairly constant, or is it rapidly changing? In the former 
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case, we might justifiably ignore the age-sex distribution in 
forecasting. The data in Table i|.. comparing 1950 and I960 
census information. indicate that the age-sex distribution is 
far from constant. 
Table Ij., Percentage distribution of the total population of 
the United States by age and sex category, 1950 and 
1960* 
Age and sex I960 1950 
Male 
Less than 15 32,2 27.7 
15" - 2i| 13.8 14.9 
25 - hk 26,0 29.6 
45 - 19.7 20,3 
65 - 7k 5.7 5.3 
75 and over 2,6 2.3 
Female 
Less than 15 30,4 26,5 
15 - 24 13.4 14.8 
25 - hh 26,3 30,3 
45 - 64 20,1 19.9 
65 - 74 6,4 5.7 
75 and over 3.4 2,8 
^•Source; (92, pages li|6 - 147). 
For both males and females, there has been a relative 
shift from the middle age groups into the less than 1^ and 
over 6^ categories. This will have an impact upon demand for 
health services, and upon the type of health services demanded, 
I will return later to a discussion of how the magnitude of 
this influence may be predicted. 
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The Price of Services 
In view of some recent studies showing the price elastic­
ity of demand for some categories of health expenditures to be 
near zero, it might seem that the price of services is not an 
important explanatory variable. The importance of prices is, 
however, dependent upon the reasons for this low price elas­
ticity, If this is due to the inherent nature of the services, 
namely that the opportunity cost of not receiving the service 
may be very large (2I|., pages 948 and 91+9), then one might ig­
nore the impact of prices on demand. If, however, the inelas­
ticity is due to the institutional character of the market in 
which the services are provided,3 and one wishes to include 
these institutional characteristics and changes in them as ex­
planatory variables, then prices themselves must be included as 
explanatory variables. Further, it is possible that the de­
mand for hospital services is price inelastic, while the de­
mand for services of some specific type of hospital is quite 
elastic with respect to price changes. This would be expected 
to be true for those classes of services which have close sub­
stitutes, For example, long-stay convalescent hospitals and 
nursing homes may face demand schedules which are very elastic 
with respect to relative prices, 
^Feldstein (I4.3, pages 34, hO) found the price elasticity 
of demand for physicians * services to be about 0.2, and for 
hospital service to be zero, 
%larman (^8, page 25) argues that the latter is true. 
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To tKe" extent that the manpower requirements for differ­
ent types of hospitals differ, a change in the relative prices 
of services may have a significant impact upon overall man­
power requirements. Unfortunately, it is one thing to state 
that the price of services is an important variable affecting 
demand, and quite another to isolate the impact of price 
changes. Hospitals usually charge three rates (58, page 23), 
based upon whether the patient is in a private room, semi-
private room, or in a ward. Ward service is generally pro­
vided for the person who is unable to pay f.or the full cost of 
the service. The ward patient is expected to pay as much as 
he can, but no more than the cost of providing the service, 
"What then, is the "price" of hospital services? The seme 
problem arises with regard to physicians' services. Physi­
cians have traditionally used a sliding schedule of fees, 
charging more for the same service to those individuals better 
able to pay. Thus there is price discrimination in the pro­
vision of the service, as well as a great degree of product 
differentiation of the service itself. It may be that an in­
dividual does not really demand a service, but the physician 
himself (Ij.8, page 1^7). That is, the service may be insep­
arably vested in the individual providing it. This is not 
contradicted by the observation that perhaps what one really 
purchases from a physician is not a service, but information 
(2I|, page 9i|.6), The value or perceived reliability of this 
information may still be vested in the person providing it. 
30 
Thus, in speaking of "physicians* services", we have aggre­
gated many different types of services, each of which may be 
priced differently depending upon the patients' ability or 
willingness to pay for it or perception of value received. 
There does not exist a demand curve per se, and when we com­
pute the price elasticity of demand for physicians' services 
we are not speaking about a rigorously defined concept. Gen­
erally what we arrive at is some measure of the percentage 
change in hours of physician time demanded in response to some 
percentage change in average price. However, average price 
can be changed in many ways, and it seems plausible that the 
demand response would differ depending upon the manner in 
which the average price changed. Our estimate of price elas­
ticity is a purely empirical phenomenon, and is probably a 
function of the time period over which the observations the 
estimate is based upon were taken. If this period is "long 
enough", we may derive an estimate of "average price" elastic­
ity, assuming that over a "long enough" period the nature of 
the structure of price changes tends toward some form of 
"representability". Note that this estimate of elasticity may 
be useless for short-term forecasting, as in a short time 
period changes in average prices may be caused by several dif­
ferent types of changes in price structures. It is possible 
that the price elasticity of demand for physicians' services 
is near zero for "small"' price changes, but that "larger" 
price changes will cause a substitution of patent medicines 
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and "hernie remedies" for the services of medical doctors. The 
point I am leading to with this extended discussion is that 
there is some theoretical reason to believe that the price of 
services may be a rather unreliable explanatory variable for 
use in predicting the demand for physicians * services, and to 
a lesser extent, the demand for the services of short-stay 
hospitals. 
Per Capita Income and its Distribution 
The third major variable which may be expected to affect 
the demand for health services is income and its distribution. 
Consider first the level of income. In a microeconomic sense, 
it appears that as a family's income increases, total expendi­
tures on medical care increase, but in less than proportion. 
On the basis of expenditure data alone, it is impossible to 
assess the extent to which expenditure increases are due to 
increased use of facilities and services as income increases, 
and the extent to which this may be a function of price dis­
crimination, Table 5 lists some recent expenditure data, 
Note that the income figures are on a family basis, while 
expenditure figures are on a per individual basis. 
Because of the difference in reporting units, no computa­
tion of income elasticity is possible. Further, the observed 
trend may be purely spurious. To the extent that average age 
of family members is positively correlated with income, the 
effect of increasing income may simply be a proxy for the 
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Table 5"» Health expenses per person per year, by type of 
expense and family income. United States, July • 
December, 1962, in dollars^ 
Income Type of expense 
Total Hospital Doctor Dent al Other 
less than 2,000 112 28 36 9 39 
2,000 - 3,999 116 30 38 11 37 
4,000 - 6,999 119 30 41 16 32 
7,000 - 9,999 29 46 24 36 
10,000 and over 178 3h 60 37 47 
^Source: (125, page 22) 
effect of increasing average age, 
Stigler presented the following data on the income elas­
ticity of expenditure on three classes of health services. 
Table 6, Income elasticities of urban families 
Service 1919 1935-1936 1941 
Phys icians and 
oculists ,71 .82 ,70 
Dentists 1.53 1.2i| 1.12 
Other medical care 1.07 .93 .72 
^Source: (89, page 27), 
The income elasticity of dental services is apparently 
higher than that for medical care services as a whole. This 
has intuitive appeal, since the majority of dental services 
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are probably postponable, which is not true in the case of 
physicians' services, for example. This would be expected to 
cause a higher income elasticity of demand for dental services. 
The mass of data available on health expenditures tends, how­
ever, to obscure a fundamental point. Data on the correlation 
of income and expenditure is not very useful for deriving 
estimates of demand for services. For those families having 
annual incomes of less than $2,000, 30.2^ of the group in­
curred no health expense during the July - December, 1962 
period. For families having incomes of $10,000 or more only 
9.^  ^of the group incurred no health expense (121|, page 2i|.), 
A large part of this differential is due to the fact that 
various welfare agencies paid for the services received by low 
income families (12^,, page ij.). Thus, it is the correlation 
between income and utilization of services which is important 
for our purposes. Utilization of services and individual 
expenditures on services are not measures of the same thing, 
and for low income groups, may not even be highly correlated. 
Since expenditure on medical care is a consumption expense, 
all of the arguments against the use of measured income, and 
in favor of "permanent income" (!|7) are applicable here. I 
will not pursue this argument further, but a very rigorous 
theoretical treatment of the effect of income on demand for 
health services would have to deal with the problem of income 
definition. 
Income does appear to have an effect on the demand for 
medical care measured in physical units, as evidenced by data 
in the following tables. The magnitude of this effect may be 
quite small, however, and the nature of the correlation is 
not straightforward. Certainly the utilization of various 
categories of health services does not increase directly as 
income increases, if age-income correlation effects are re­
moved. 
Table 7» Physician visits per person by family income and age 
category. United States, July, 1963 - June, 196i|® 
Income All ages Less than 45" 45" - 65" and over 
Less than 3,000 4.3 3.2 5.1 6.0 
3,000 - 3,999 4.6 3.8 4.8 7,7 
4,000 - 6,999 4.5" 4.2 ^.1 7.0 
7,000 - 9,999 4.7 4.4 5.3 6,9 
10,000 and over 5.1 5.0 5".! 7.7 
^"Source: (102, pages 34 and 63). 
Note particularly the fluctuation in physician visits per 
person for individuals aged 6^ and over. Many of these per­
sons are retired, and their income and their wealth may not be 
highly correlated. Those persons with very low wealth may 
have hi^er incomes, because they cannot afford to retire. 
If possible, we should consider wealth as well as income, 
Reading across the rows, i,e. the influence of age given 
income, discloses that the number of discharges increases as 
age increases, except for a "bulge" in the 1^ - 34 year age 
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Table 8, Patients discharged from short-stay hospitals per 
1,000 persons in category, by family income and age 
category. United States, July, 1963 - June, 1961;® 
Income All 
Ages 
Under l^-Z^. 2^-34 35-44 45-64 65 
l5 and 
over 
Less than 2,000 136.4 55.3 163.4 163.2 148.4 
2,000 - 3,999 145.6 63.8 204.1 196.2 132,4 
4,000 - 6,999 128.0 72.0 167.6 175.7 134.2 
7,000 - 9,999 121.7 69.7 119.0 187.4 134.0 
10,000 and over 116.5 67.8 91.4 174.9 136.2 
138.3 178.1 
167.9 198.7 
151.3 189.1 
149.3 179.9 
131.4 226.3 
^Source: (116, page 36). 
groups. This is probably due to maternity cases as discussed 
earlier, and can be handled by classifying the population by 
both age and sex. The cross classification by income does not 
alter the effect of age group, as previously discussed. Note, 
however, the irregularity of the effect of income given age. 
Individuals aged l5 - 24 years having family incomes of 
$2,000 - $3,999 had greater than double the number of dis­
charges from short-stay hospitals than the same age group with 
family incomes of $10,000 or more. We could explain this by 
assuming that those in the $10,000 and over category are per­
sons still living with parents, and hence unmarried, while 
those in the $2,000 - $3,999 category are primarily young 
married persons, with a high incidence of maternity cases. 
Observe the remarkable constancy of discharge rates per 1,000 
persons aged 35 - 44 having family incomes ranging from $2,000 
to over $10,000, while for those persons aged 45 - 6i|. dis­
charge rates decrease as income increases over $2,000 per 
family per year. We could appeal to the argument that persons 
in high income brackets use more preventive services, and 
hence less curative services. This still does not explain why 
there should be a difference between age groups 35 - 44 arid 
45 - 64. 
We should be aware that we are simply using "casual em­
piricism" in looking at a summary table of data without test­
ing to see if the differences we are discussing are statistic­
ally significant or not. Without having access to the origi­
nal data, however, this type of testing is impossible. It is 
possible that some of the apparent incongruencies in the data 
on hospital usage can be explained by considerations regarding 
hospitalization insurance. Hence, I will defer further com­
ment until after a general discussion of the institutional 
variables, 
Stigler's analysis (89) indicates that perhaps the uti­
lization of dental services is more responsive to income dif­
ferences than is the utilization of physician or short-stay 
hospital services. Recent data tends to corroborate this. In 
fact, it appears that the response of the number of dental 
visits per person to income differences is more regular and of 
greater magnitude than the response to age differences. 
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Table 9, Dental visits per person per year, by age and family 
income. United States, July, 1963 - June, 19611®-
Income All Under $-12^ 1^-2^. 65" 
Ages ^ and 
over 
Less than 2,000 0,8 - 0,9 1.3 1.0 0.8 0,5" 
2,000 -  3,999 0.9 -  0.8 1.1 1.1 1.1 0.7 
4,000 - 6,999 l,li 0.3 1.7 1.9 1.7 1.^ 1.0 
7,000 - 9,999 1.9 0.^ 2.3 2.3 2.2 1.8 1.2 
10,000 and over 2.8 0.7 3.2 3.5  2.8 3.0 1.9 
^Source: (127, page 18). 
Health Insurance and Medicare 
I will consider the effect of only two institutional 
variables on the demand for health services. These are health 
insurance plans and medicare. In the period from July, 1962 
to June, 1963, 70,3^ of all persons in the United States had 
some type of hospitalization insurance, and 65".2^ had some 
type of surgical insurance (277, page 15"). Coverage under 
both types of insurance appears to be positively correlated 
with family income, as shown in the following table. 
There are widely varying schedules of benefits under dif-
"ferent health insurance plans, and it appears intuitively 
plausible that different income groups would be attracted to 
different types of plans. No reliable data is available on 
this point, but it appears that higher income families pur­
chase insurance which pays larger benefits. 
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Table 10, Per cent of population in family income category 
having hospital and surgical insurance coverage. 
United States, July, 1962 - June, I963& 
Income Hospital insurance Surgical insurance 
Less than 2,000 3^.1 28,8 
2,000 - 3,999 5Ï.9 46.8 
4 ,000  -  6 ,999  79.0 73.9 
7 ,000  - 9,999 87.3 83 .2  
10,000 and over 87.9 82,6 
^Source: ( IO6 ,  page 12). 
Of primary importance to this study is the effect of in­
surance on the utilization of health services, and the trend 
in the portion of the population covered by health insurance. 
One survey (17, page 97) in July, 19^3 found that ^1% of per­
sons in the sample had some type of hospital insurance, and 
Lf.9^ had some type of surgical or medical insurance. Compari­
son with the figures given above for the July, 1962 to June, 
1963 period indicates that health insurance coverage has been 
increasing very rapidly, although the two figures are not 
exactly comparable due to definitional differences. Thus, if 
health insurance is expected to grow, any impact of insured 
status on demand for services is of importance in forecasting 
the latter, Note that if 70^ of the population is now covered 
by hospital insurance, it might be expected that growth in 
this figure would be slow, as large segments of the population 
would be expected not to purchase insurance. Very low income 
39 
familles are a case in point. In any event, evidence appears 
to indicate that persons with health insurance use more health 
services than those who are not covered by insurance, as evi­
denced in the following tables. 
Table 11. Hospital admission rates per 1,000 persons, by 
family income. United States, July 19^2 - June 
195*3^  
Income Insured persons Uninsured persons 
Less than 2,000 210 90 
2,000 - 3,499 160 90 
3,2b0 - 4,999 130 90 
5,000 - 7,499 130 80 
7,5bO and over 120 100 
®-Source: (17, page 59). 
Table 12. Surgical procedures per 100 person-years, by family 
income. United States, July, 1952 to June, 1953& 
Income Surgically Non-surgi cally 
insured persons insured persons 
Less than 2,000 15 4 
2,000 - 3,499 10 4 
3,5bO - 4,999 8 6 
5,000 - 7,499 9 6 
7,500 and over 8 6 
^Source: (17, page 194)* 
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In a survey conducted in July, 1953, Anderson and Feldman 
(17) found that families with insurance incurred median costs 
of $1^5 per year for all health services, while those without 
insurance incurred median expenses of only $63. Deducting the 
amount paid by insurance still leaves $117 out-of-pocket ex­
pense for insured families, which is almost double the expense 
incurred by non-insured families (17, page 26). This could be 
due to price discrimination based upon ability to pay, causing 
the insured persons to pay higher prices for services received 
than is true for the uninsured. This has some validity, es­
pecially in the case of the lower income classes, where per­
sons without insurance receive free health services as indi­
gents, However, this does not appear to be the whole story, 
as persons with hospital insurance also use more dental serv­
ices than persons without hospital insurance. 
Table 13. Per cent of persons in family income category con­
sulting dentists. United States, July, 19^2 - June 
1953* 
Income Persons with Persons without 
hospital insurance hospital insurance 
Less than 2,000 18 16 
2,000 - 3,499 25 22 
3,5bO - 4,999 32 28 
5,000 - 7,499 47 37 
7,500 and over 59 47 
^Source: (17, page 200), 
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It may be that some persons are simply more "health con­
scious" than others, and these persons are the ones that are 
attracted to health insurance, Klarman notes, "The insured 
spend more than the uninsured because they want to, not be­
cause they have more illness and need more medical care" 
page 3^). This is a very weak explanation. In fact, it is 
more of an admission of inability to explain than an explana­
tion in the true sense, I am not arguing that the statement 
quoted is untrue, merely that it remains to be explained why 
it is true. Certain types of insurance plans provide for flat 
rate payments, as for example so much per day for a hospital 
room. Assume arbitrarily that the insurance plan pays for 
one-half of the cost of a hospital room. Since becoming in­
sured is equivalent to receiving a price reduction on hospital 
services, abstracting from premium payments, it would be ex­
pected that utilization of these services would increase for 
an individual after he becomes insured.^ However, given the 
low price elasticity of demand for hospital services,^ this 
alone will not cause total expenditures to increase. In fact, 
if price elasticity were zero, expenditure on hospital serv­
ices should be halved. It seem unrealistic to assume hos­
pital services to be an inferior good, and the substitution 
^Abstracting from any effect of initial increased use of 
hospital services caused by prior neglect of medical condi­
tions in anticipation of achieving insured status. 
^ITear zero (i|.3, page Z|0), 
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effect of a price decrease should not cause an increase in de­
mand for other health services. Therefore the income effect 
must be very large. However, I hypothesize that this effect 
is not due to the effectively lowered price of services, but 
to the reduction of uncertainty caused by achieving insured 
status. Thus, the insured family need no longer hold a re­
serve against a medical contingency, and can "afford" to uti­
lize nonessential medical services such as cosmetic surgery, 
dental prophylaxis, braces for children's teeth, and so forth, 
I view this as a budgeted reserve, not as an actual asset 
balance. 
This provides an alternative explanation of results such 
as found by Weisbrod and Piesler (136) that persons having 
"better" hospitalization Insurance, defined as having more 
covered services and/or a higher schedule of payments for 
given services, utilized more hospital services than other in­
sured persons. The more contingencies that are covered by in­
surance or the higher the benefit payments for a given contin­
gency, the less the uncertainty regarding future medical ex­
penses, Weisbrod and Piesler also found that persons with 
more inclusive coverage tended to use more ancillary services 
which were covered in full, while the utilization of private 
hospital rooms was not significantly affected. Despite the 
fact that persons .with "better" insurance also received a 
higher allowance for private rooms than other insured persons, 
there was still a charge involved to the user. Private room 
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costs were not covered in full, causing effective coinsurance. 
Arrow (2i|., page 961) notes that coinsurance provisions are 
introduced in pai?t to guard against moral hazard, or ^'misuse" 
of insurance benefits. Exactly what constitutes "misuse" 
brings us back to the concept of "need" for medical services 
discussed in chapter one, I do not propose to issue any 
ethical judgements, but merely to note that as long as some 
form of effective coinsurance is maintained, the usage of 
services may not increase appreciably. Thus, in forecasting 
demand for services, perhaps we should differentiate between 
insurance providing full coverage and that providing only 
partial coverage. One final comment of Weisbrod and Piesler*s 
findings is to note that increased utilization of services by 
persons with "better" insurance was not found in all age and 
sex categories, but was confined primarily to females over ^5 
years of age (136, page 131). This is additional evidence 
that the basic unit for forecasting demand for health services 
is population in an age and sex cohort group. 
Medical care for the aged, or medicare as I shall subse­
quently refer to it, went into effect July 1, 1966, This is a 
federal government program to pay, through social security, 
part of the hospital bills of persons over age 6^ and, for 
those electing the voluntary coverage, part of their doctors* 
bills. Included in covered services under medicare are up to 
60 days in a hospital, for which the patient pays only the 
first $40, and an additional 30 days in a hospital for each 
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spell of Illness for which the patient pays $10 per day. Pay­
ments for mental hospital treatment are limited to 190 days in 
a lifetime. Effective January 1, 1967, up to 20 days of care 
in a nursing home or convalescent section of a hospital is 
fully covered if preceded by hospitalization for three days or 
more. An additional 80 days of this care is available at a 
cost of per day to the user. Up to 100 home visits by 
nurses or other health workers is covered for a period of one 
year after release from a hospital or nursing home, as well as 
80^ of the cost exceeding $20 of outpatient diagnostic tests 
in hospitals for each 20 day period of testing. 
Persons may elect to pay $3 per month to receive addi­
tional benefits under a supplementary program. This covers 
80% of "reasonable charges" in excess of $50 for physicians * 
services; home health visits, even without prior hospitaliza­
tion; and miscellaneous charges such as diagnostic visits, 
splints, dressings, and so forth (101, passim). This rather 
detailed list of benefits is included in order to facilitate 
determination of which categories of health services we would 
expect to be affected by medicare provisions. 
Prior to passage of Public Law 97, which brought medicare 
and medicaid^ into being, several groups, notably the American 
Medical Association, (32, page 6^0) claimed that this program 
provision for federal - state financing of health care 
for those on welfare and those not on welfare but threatened 
with bankruptcy due to medical costs beyond their means, i.e. 
the "medically indigent". 
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Would cause such a large increase in the demand for health 
services as to render the existing facilities totally inade­
quate. However, "By mid-July (1966) ... it was apparent that 
the half-expected deluge of patients was not going to develop" 
(28f page 38), Chase, writing in early 1967, noted that "So 
far there has not been a sudden inundation of hospitals owing 
to these programs, but it is a bit early to say this won*t 
happen" (32, page 6^1). Hospital utilization did increase 
about in the last half of 1966» Before the advent of medi­
care about 2^^ of all beds were occupied by those aged 6^ and 
over, while the comparable percentage for the last half of 
1966 was 30^ (32, page 6^1).? These changes are supposedly 
due to the influence of medicare. 
Social security "experts" predict that in a few years we 
will have one-half million medicare patients in hospitals at 
any one time, and that medicare will pay one-fourth to one-
third of the expenses of the average general hospital (32, 
page 6^1). On the other hand, one may note that since various 
categories of home care are covered under medicare, hospital 
utilization by older persons could conceptually decrease after 
the advent of medicare. Since there is an element of coin­
surance involved in medicare, it might be supposed that utili­
zation of services might not increase much. This is assuming 
that the coinsurance provision is "effective" in Arrow*s terms 
^Type of hospital not specified. 
1+6 
(2I|., page 961), i.e. that the payment required of the indi­
vidual ia large enough to prevent abuse of benefits. 
In any case, I believe that the influence of medicare on 
forecasts of the utilization of health services can be handled 
in a manner analogous to the treatment of health insurance 
described below. In fact, until sufficient years pass to 
enable the forecaster to evaluate the impact of medicare, this 
effect can be approximated by studying the impact of private 
health insurance plans providing similar benefits on service 
utilization. 
Proposed Forecasting Model 
The forecasting equations I would suggest as a first 
approximation for deriving estimates of future service utili­
zation are of the form  ^bQ + ^ i% + ^ 2^ i i^|.^ ik* 
The b*s are parameters to be determined, probably through 
multiple regression techniques, is the number of persons 
in age and sex category i, is average family income for 
persons in the age and sex category, is an index of the 
price of health services of type k, and 1^^^ is the proportion 
of persons in the category covered by health insurance which 
cover services of type k. This would include both private 
health insurance plans and medicare. An obvious first step 
toward sophistication would be to have several I's for several 
different types of insurance coverage. The parameters can be 
determined from time series data. Then forecasts are made of 
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each of the independent variables. Assuming the parameters 
constant, we can then forecast M]^. for future time periods. 
No empirical test of this is attempted herein, for two 
reasons. The data necessary to compute the regressions is not 
generally available for the time period of interest herein, 
namely 19^0 - I960, Further, my emphasis is on the conversion 
of forecasts of service utilization to forecasts of manpower 
requirements. The forecaster using the model developed in the 
other chapters of this analysis may well desire to use fore­
casts of service utilization derived by others, if reliable 
forecasts are available. 
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CHAPTER IV. TECHNICAL AND DEMAND COEFFICIENTS 
The nature of what I have termed technical coefficients, 
denoted depends upon both the number of categories into 
which the demand for health services is divided, and the num« 
ber of occupations considered. This discussion is carried out 
in the frame of reference of seven categories of health serv­
ices (Table 1) and twenty occupations categories, as listed in 
Table 19. The number of coefficients is, of course, deter­
mined by the ranges of the index numbers j and k. The deter­
mination of the range of k was discussed in chapter three. 
The range of j is determined by the use to which the results 
of the forecast will be put. If we wish to discuss the impli­
cations of the results for public policy regarding training, 
we should define n, the limit to j, in such a manner that 
occupations involving different training requirements are in­
dexed separately. We would probably not want to combine 
physicians and nurses in the same category, because the train­
ing requirements are obviously very different. The limit to 
the decomposition of employment into occupation categories is 
arbitrary. For example, I herein consider all physicians in 
the same category. We could break this down further into 
general practitioners and the various types of specialists, 
since the training needs of these categories will differ. The 
determination of the number of occupations considered is also 
influenced by research funds available, and, unfortunately, in 
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practice, by data availabilities. 
Consider first the determination of Ag, the technical 
coefficients for the base year. It is obvious that many of 
these will be zero. That is, the number of physicians needed 
to provide dental services would be expected to be zero, and 
so forth. The determination the non-zero a^^g, and the deter­
mination of which of these are zero, can be accomplished by 
analyzing several types of data. We can examine national 
data on employment by occupation in hospitals, for example, 
and using this together with national data on hospital utili­
zation can derive a^^B hospitals. However, this may not 
always be possible because of data limitations. We may still 
estimate a^^^g from partial data, for example data from some 
"representative" geographical area, group of hospitals, and so 
forth. These latter estimates are not as easily defended as 
being "correct", but may be extremely useful for forecasting. 
Many of the more detailed analyses of health personnel have 
been carried out on subnational areas. 
We could approach the problem from the other end. Data 
published by the American Nurses' Association, for example. 
Indicates the percentage of their members employed by short-
stay hospitals. Correcting this data for over-reporting due 
to inactive members and for under-reporting due to nonmember-
ship in the association by some individuals in the profession 
provides another estimate of a^^g in short-stay hospitals. 
Whenever possible, it is, of course, desirable to cross check 
coefficients derived from all available data sources for con­
sistency, In any event, we can derive some estimate of em­
ployment in each occupation used in providing each category 
of health service, denoted iHien Z = X^g is the 
total employment in occupation ] during the base period t = B. 
Dividing by m^g we obtain a^^g = Xj^B/^kB* ^JkB = ^jkB ®kB« 
Substitution yields X^g = S aj^g mj^g, or in matrix notation, 
A^g = Xg, Note that we have no particular interest at this 
point in Xj^g, but rather in If we can derive the 
latter more directly without the use of Xj%g, there is no ob­
jection to doing so. The reasoning behind this manipulation 
is that it is easier to predict the a^jj. for some future time 
period than it is to predict the Xj or the Xjjj. directly, Xj 
has a very strong dependence upon and may be a very 
stable function of variables that are not as directly related 
to Xj. In deriving Xj from Mj^, I feel that aj^ is again a 
Q 
more stable function of a smaller number of variables than 
%jk* 
Selection of Independent Variables for Forecasting Changes 
There are several ways to forecast what the technical 
coefficients will be at some future time period t = T, As 
previously indicated, the simplest assumption is to let 
F^riedman (i|.6, page 13) notes that an unstable function 
can actually be viewed as a perfectly stable function of an 
indefinitely large number of variables. 
5^ 1 
®jkT ~ This will furnish a crude approximation to X^, 
However, I wish to be more precise than this. Another assump­
tion is to make a^^ an explicit function of time. This func­
tion can be estimated by regression analysis if we can gener­
ate a time series of values for each technical coefficient for 
some previous time periods. At least two observations are 
needed for estimation of the function. This method has some 
merit, and indeed will be used for most of the coefficients 
which are forecast in chapter nine. Note, however, that we 
are simply stating that some given coefficient is a stable 
function of time, and that we assume it will continue to 
change in the future as it has in the past. We do not direct­
ly offer any explanation of why this relationship holds, or of 
what influences cause the coefficient to change as it does. 
Since these are not specified, it is not exactly clear just 
what it is that we assume will be the same in the future as 
it has been in the past, and it is impossible to evaluate the 
reasonableness of the assumption. It is still true that the 
simple function of time provides the best forecasts in many 
instances, but beyond this the approach is singularly unln-
formative. 
Finally, we may make the a^j^. functions of some exogenous 
variables. We could, of course, convert our system from a 
simple accounting Identity into a system of simultaneous equa­
tions by letting the number of physicians required per 100 
patient-days in short-stay hospitals be a function of the 
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number of registered nurses present per the same variable, for 
example. This method will not be used herein. Although it is 
conceptually appealing, the estimation of the rates of substi­
tution between occupations is operationally very difficult. 
These substitutions are not ignored, but they are accounted 
for indirectly, as indicated later. 
Several types of exogenous variables suggest themselves 
as important, a priori. Capital substitution for labor may be 
important for several occupations. It might be expected that, 
rou^ly speaking, the greater the amount of capital investment 
in equipment per patient the greater the number of patients 
handled per hour or per day by dentists, for example. We are 
here using a form of capital-output ratio as an explanatory 
variable. Methods of organization may be Important, If group 
practice is an increasing phenomenon, physicians may be able 
to handle more patients per hour due to more efficient opera­
tion of the classification and screening of patients, as well 
as of the bookkeeping function. On the other hand, the number 
of patients handled per physician per year may be lowered as 
group practice increases, as physicians take advantage of the 
greater flexibility to obtain more leisure time. Methods of 
operation are extremely important. Certainly physicians 
handle more patients per day now that house calls are the ex­
ception rather than the rule. This last change was probably 
brought about by better transportation facilities for the 
average individual in the population, as well as a general 
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shortage of doctors which makes house calls too inefficient a 
means of rendering services to be tolerated unless absolutely 
necessary. 
Certain occupational classifications have duties other 
than patient care, notably some part in the training function, 
either as teachers or as trainees. Thus, the number of in­
terns in hospitals is in part a function of the patient load 
or demand for services, and in part a function of the forecast 
requirement for physicians in the future. This phenomenon can 
be handled in the model in several ways. We could add a con­
straint to the recursive program which requires that the num­
ber of interns must be greater than or equal to a given magni­
tude, Alternatively, and perhaps most correctly, we could add 
a component to which we could label ^'training", derive an 
estimate of the total number of hours of training required, 
and compute technical coefficients for this activity. We can 
otherwise make an allowance in the technical coefficients for 
changes in the percentage of employees in an occupation-
service category that are engaged in training activity. If it 
is expected that the training activity will increase, the 
technical coefficients will reflect this as an effective de­
crease in productivity in rendering services to patients. Ad­
mittedly, this tends to camouflage the true nature of the 
change which is taking place, but the last method is used 
herein because of computational simplicity. 
If changes in the percentage of hospitals in an ownership 
and control category are anticipated, this will have an impact 
upon technical coefficients for hospital personnel. Proprie­
tary hospitals use less labor per admission than do other 
types of hospitals, as evidenced in Table 1I|, There is some 
evidence which indicates that the percentage of patient-days 
by type of ownership and control category is changing. Pri­
marily, there appears to be a shift from proprietary to non­
profit and governmental hospitals. This information is shown 
in Table l5. The 19^2 figures on governmental hospitals are 
probably affected by wounded servicemen. 
Table li}.. Ratio of personnel to 1,000 admissions in hospitals, 
by type of hospital. United States, 19^0 and 1952®-
Ownership and 
dontrol category 
1950 1952 
All hospitals 41.4 40.4 
Non-profit hospitals 41.7 39.8 
Proprietary hospitals 25.4 25.6 
Governmental hospitals 48.3 49.4 
^Source: (55, page %5). 
Hospital personnel needs per patient-day vary due to two 
factors. The larger hospitals appear to enjoy some economies 
of scale in the patient care function, but because of in­
creased participation in the teaching function employ more 
total personnel per patient-day, 
Table 1^. Per cent of patient-days per year in hospital 
ownership and control category, selected years^ 
Ownership and 1942 1949 1952 
control category 
Fon-proflt hospitals 50.0 55.0 53.1 
Proprietary hospitals 5.3 5.6 5.0 
Governmental hospitals 44.7 39.4 41.9 
^Source: (55, page 20) 
. 
Table 16, Hursing personnel per 100 patient-days 1 ,  non-profit 
hospitals, 1952* 
Bed capacity 
Personnel class All Less 51-100 101-200 201-300 301 
than and 
5o over 
Total 126.9 107.2 114 .6 131.4 132.4 128.6 
Admini strative 15.0 17.7 17 .7 15.5 13.6 13.2 
Pull-time instructors 1.8 0.2 0 .6 1.9 2.2 2.2 
Other professional 32.4 31.9 33 .2 34.4 32.5 30.3 
Students 34.3 2.0 12 .1 36.4 43.8 43.0 
Auxiliary personnel 43.4 55.4 50 .1 43.2 40.3 39.9 
^Source: (55, page 208). 
The presence of scale economies may be easily inferred 
from the data on the administrative and auxiliary categories 
of nursing personnel. It is tempting to state that there are 
no economies of scale in the "other professional" category, 
composed primarily of general duty nurses, and that the number 
6^ 
employed per 100 patient-days in this category is not affected 
by size of hospital. However, it is still possible that there 
are economies of scale in patient care, but that in the larger 
institutions more of the general duty nurses spend part of 
their time on the teaching function. 
Changes in average per capita income, or in the distribu­
tion of income, may affect the technical coefficients as well 
as the demand for services. This is due to the aggregative 
nature of the components of the service vector. The best 
example of this is the demand for dental services. The income 
elasticity of demand for dental services as a whole is greater 
than unity (218, page 27), and for certain sub-components of 
dental services such as prophylaxes may be very high. As­
suming for the moment that this is true, then an income in­
duced increase in the demand for dental services could cause 
a greater percentage increase in the demand for dental hy-
gienists than in the demand for dentists. This is again an 
argument for greater disaggregation of the service vector, but 
can be handled by forecasting differential changes in the 
technical coefficients for different occupations within a 
service category. 
Productivity Changes 
Much of the material previously presented in this chapter 
relates to productivity changes, but I would like to dwell 
specifically on the subject at some length. Productivity is 
57 
customarily measured as output per man-hour, man-day, and so 
forth. In the case of the health industry, this becomes dif­
ficult, since the product is a service, and in most cases a 
highly differentiated service. We can assume this away if we 
wish, and speak of aggregates or averages, such as "average 
number of patients per day for private practitioners". In 
speaking of changes in the above magnitude over time, we as­
sume that the case load mix is the same for all time periods 
and that approximately the same group of physicians is in­
cluded in the denominator. However, this still leaves the 
problem of the quality of medical care. If the average number 
of patients served per day per physician increases, this could 
be due to better diagnostic facilities, improved dissemination 
of an increased body of medical knowledge, better trained 
physicians, improved drugs, better trained assistants or in­
creased use of assistants; all of which may indicate an in­
crease in productivity. Alternatively, this could be evidence 
of a deterioration in the quality of the service rendered. 
It may be argued that in a pure personal service, any in­
crease in output per man-hour represents a decrease in the 
quality of the product. If a barber cuts four heads of hair 
in an hour instead of three, the quality of the product may be 
definitionally decreased. The service rendered by the barber 
may not be simply the removal of excess locks, but the feeling 
of being pampered, pleasant conversation, and so forth enjoyed 
by the consumer. An analogous argument could be constructed 
8^ 
for physicians, nurses in hospitals, and other occupations, 
although the consumption of medical services is not usually 
pleasureable. 
Productivity increases can be unambiguously isolated only 
if the quality of the service is unchanged, but it is even 
conceptually impossible to define the quality of service in 
the case of many health services. If we were to define some 
index of health, as discussed in chapter one, we could define 
productivity changes as changes in output per unit input sub­
ject to a constant index of health (134, page 18^), In so 
doing, we would have assumed that the index of health is the 
key variable in some social welfare function, and that indi­
vidual utility considerations similar to that in the barber 
example are irrelevant. 
For our purposes, it is not really necessary that we meet 
the above conceptual problems head on. We simply wish to 
forecast changes in technical coefficients, without regard to 
whether these are due to changes in productivity in the true 
sense or to changes in the quality of the service rendered, 
provided that a sufficient basis for prediction exists without 
this knowledge. Most of the productivity data available re­
lates to physicians, G-arbarino (^0) furnished the following 
data on physician productivity. 
This data was derived by deflating an index of mean gross 
income per physician by the index of physicians* fees. Ab­
stracting from considerations regarding the reliability of the 
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Table 17. Estimates of output per physician, 1935 - 1951^ 
Year Index Year Index 
1935 100.0 1944 212.7 
1936 110.7 1945 234.4 
1937 114.3 1946 212.9 
1938 110.8 1947 214.6 
1939 114.0 1948 220.5 
1940 119.8 1949 225.4 
1941 133.4 1950 233.4 
1942 167.8 1951 242.1 
1943 210.6 
^Source: (50, page 11), 
data, this is a valid index of output per physician. It is 
not, of itself, a valid indication of an increase in produc­
tion efficiency in the provision of physicians' services. 
That is, we can not infer an increase in the total output over 
total input ratio. Average hours worked per week may have in­
creased, or the total output, if measured in both quantity and 
quality terms, may not have increased as much as is assumed. 
It does not appear that hours worked per week have increased. 
In 19U.9, the average private practitioner worked 58.3 hours 
per week (78, page 147). In the early 1930*s, physicians 
worked "56 to 70" hours a week (i|.0, page 220), While no exact 
figure is available for the 1930's and 19Z|0's, it appears that 
the increase in hours worked for physicians has been small, 
and there may have been a decrease. I will not delve into 
changes in the quality of care rendered by physicians. The 
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problem is much too complex to be disposed of in a few para­
graphs. If there have been changes in quality, I will simply 
assume that this trend will continue into the future, making 
productivity figures such as Garbarino^s useful for predicting 
changes in the technical coefficients for physicians. 
A similar index can be constructed for dentists. 
Table l8. Estimates of output per dentist, 1935 - 19^1^ 
Year Mean gross^ Index of Index of Index of output 
income mean gross 
income 
fees per dentist 
(1935 = 100) 
1932 2,485 100.0 100.0 100.0 
1936 2,726 109,7 100.1 109.6 
1937 2,883 116.0 102.3 113.4 
1938 2,870 115.5 102.6 112.6 
1939 3,096 124.6 102.8 121.2 
1940 3,314 133.4 102.8 129.8 
1941 3,782 152.2 103.1 147.6 
1942 4,625 186.1 105.1 177.1 
1943 5,715 230.0 110.6 208.0 
1944 6,649 267.6 116.7 229.3 
1945 6,922 278.6 121.7 228.9 
1946 6,381 256.8 128.9 199.2 
1947 6,610 266.0 139.6 190.5 
1948 7,039 283.3 147.1 192.6 
1949 7,146 287.6 153.1 187.9 
1950 
'r'Mo 
299.2 156.7 190.9 
1951 314.7 162.6 193.5 
^Source: Column 1, (112, page 47), column 3, (61, page 
10#). 
b. Nonsalaried dentists only. 
As G-arbarino noted regarding his productivity series for 
physicians, (^0, page 13), the above series on output per 
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dentist is only a crude approximation of the variable in ques­
tion, Changes in the cost of providing services not reflected 
in fee changes are incorporated into the productivity series, 
as we are using gross income. If the dentist was able to col­
lect a larger percentage of his billings in certain years than 
in others, this effect is also included in our measure of 
productivity. 
It may be noted in both series that productivity was 
higher during the late war years than in the immediate postwar 
years. This is assumedly due primarily to the wartime short­
age of physicians and dentists in private practice. The data 
in the preceding two tables will be used again in chapter 
nine. 
Productivity changes for other categories of health per­
sonnel are not as easily estimated, since factors other than 
fees for services are included in the price index series, A 
series is available on the prices of optometric examinations 
and eyeglasses, for example, but it is impossible to ascertain 
the relative amount of increase due to increases in the price 
of services versus increases in the price of the physical com­
modity. 
Certain changes in technical coefficients are matters of 
custom rather than economic factors. Dentists have tradition­
ally used few assistants (77, page I87). Yet, "Dentists em­
ploying one assistant average about one-third more patients 
than those without such employees" (77, page 186), while the 
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wei^ted average salary for dental assistants and hygienists 
was only 26^ of average salaries for dentists in 19^0 (Tables 
27 and 132). About one-fourth of the average dentist*8 time 
is devoted to prophylaxis, which could be performed by a den­
tal hygienist (77, page I87) . If dentists pre truly in short 
supply, one would expect greater utilization of assistants. 
The impediment does not appear to be economic, but institu­
tional or a matter of "custom". One is left with the impres­
sion that a large increase in the demand for auxiliary dental 
personnel could occur at any time, but that it is impossible 
to forecast the timing of the occurence. 
Demand Coefficients 
Most of the comments made above apply equally well to 
technical coefficients or demand coefficients. In fact, a 
technical coefficient may be termed a naive proxy for a demand 
coefficient. Demand coefficients as used herein represent a 
type of "ceteris paribus" demand. That is, they reflect the 
number of persons in an occupation that the health industry 
would desire to employ, given that employment in other occu­
pations is at certain levels. It may be impossible, because 
of the total resource constraint, to achieve this level of de­
mand for all occupations simultaneously. This factor is in­
troduced into the analysis through the constraint matrix in 
the recursive program. 
The demand coefficients for the base year, denoted 
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can be derived in various ways. We can derive estimates of 
survey data on job vacancies, for example, and com­
pute aJkB ~ ^jkB/^kB' ^^he procedure used for most coeffi­
cients in chapter seven is to estimate excess demand as a per 
cent of employment for each occupation-service category, and 
use this to estimate x^^^g and then Note that it is 
again the coefficient which is of interest, and if we can 
estimate this more directly without estimating x^^g first it 
is desirable to do so, 
Excess demand itself can be measured in different ways. 
We may use some concept akin to "need", as discussed in chap­
ter one as a measure of total demand. This is not used herein 
for reasons previously discussed. Budgeted vacancies are a 
fairly good measure of excess demand, and are in fact used in 
chapter seven as an estimate of that magnitude. Intuitively, 
budgeted vacancies may in some cases be smaller than the 
"difference between actual employment and the number of per­
sons who would be employed at prevailing wage rates if no sup­
ply constraint were present". Excess demand by this defini­
tion can be measured only by survey techniques. Since this 
is impc3sible if the base period is not the present, various 
sources are utilized in the empirical section of the paper to 
estimate excess demand in 19^0, 
Many of the comments made regarding the forecasting of 
technical coefficients apply to forecasting demand coeffi­
cients as well. If time series data on employment plus 
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budgeted vacancies is available, one may project an estimate 
of total demand over time. This type of information is, how­
ever, very difficult to find for most occupation-service code 
categories. To the extent that information on exogenous vari­
ables such as productivity changes is available, this can be 
used to forecast demand coefficients, as previously discussed 
in the section on the forecasting of technical coefficients. 
In fact, this type of information is more pertinent to demand 
coefficient forecasting than technical coefficient forecasting. 
An extremely crude method is used in chapter ten of this 
paper to forecast changes in demand coefficients. If a fore­
cast technical coefficient for some future period is greater 
than the demand coefficient in the base period, and the fore­
cast of the technical coefficient is "reliable", we know that 
the demand coefficient must be at least as great as the tech­
nical coefficient at this future point in time. Employment 
cannot exceed demand. However, the demand coefficient may be 
larger than the technical coefficient by an undetermined 
amount. Thus, the practice of using the forecast technical 
coefficient in I960 as the forecast demand coefficient for 
that year if the former is greater than the demand coefficient 
in 1950 yields a conservative estimate of demand. This method 
is used extensively in chapter ten when no other information 
is available. The error introduced by this crude estimate is 
not very serious in the case in point, because in most cases 
excess demand is so large that even the crude technique 
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forecasts a substantial excess demand. With other data con­
figurations a more precise estimate of demand coefficients may 
be necessary to gain forecasting accuracy. 
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CHAPTER V. LIMITS TO SUPPLY CHANGES 
The discussion of estimating supply constraints for the 
recursive program is conveniently divisible into a discussion 
of upper bound constraints and lower bound constraints, 
TTpper Bound Constraints 
The maximum percentage increase possible in the supply of 
personnel is dependent upon the additions to and deletions 
from supply during the period in question. For occupations 
having some training requirement, additions can be estimated 
by analyzing data on the output of training institutions. At 
this point two alternatives are open to the researcher» 
First, one may conduct the analysis in terms of gross or po­
tential changes. In this case, anyone receiving a diploma 
from a recognized school of occupational therapy, for example, 
would be considered an addition to supply. Alternatively, we 
may attempt to estimate the percentage of new graduates who 
will actually seek employment as occupational therapists. We 
can attempt to forecast "actual" rather than "potential" addi­
tions to supply. 
Conceptually, the "actual" additions are of more interest 
than the "potential" additions, but the former magnitude is 
very difficult to estimate. We cannot deduce the magnitude of 
potential additions by analyzing empirical data on the number 
of graduates who actually obtained employment in the occupa­
tion for which they were trained. If supply exceeds demand. 
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we would be using a demand figure as an estimate of supply. 
In the absence of data on the reasons why some persons trslnei 
for a certain occupation actually become employed in acre 
other occupation, we cannot get an accurate estimate of ' r-c-
tual" supply. Because this type of data is usually not s Tel I -
able, I recommend the use of gross supply information In ^ore-
casting for most occupations. 
For some occupations, such as professional nurses, where 
it is known that large numbers of trained persons drop out, rf 
the labor force for reasons other than inability to find e "c'c 
(Table 126), the gross supply concept Is not very meaningful. 
For these occupations an adjustment must be made for those 
persons who will not become employed in the occupation fcr 
which they were trained. The problem is most acute in those 
occupations where the additions are primarily young females. 
A large proportion of these persons will leave the labor force 
to become married or to raise children, and then perhaps re­
enter the labor force again at a later date. 
There are several ways in which this effect can be han­
dled in forecasting supply. We may simply estimate s lAr-e 
enough "drop out" rate to account for persons leaving the po­
tential supply in an occupation for any reason whatsoever, 
including "drop outs" among those persons newly trained. This 
method is used for forecasting the supply of dieticians and 
nutritionists in chapter eleven. Alternatively, we can esti­
mate survival rates, giving the percentage of the graduating 
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class which is expected to be active in the occupation at 
points in time a stated number of years after graduation. 
This method is used for professional nurses in chapter eleven 
(Table 126), This latter method is conceptually superior to 
the former, but cannot be widely applied because auch data 
exists for a very small number of occupations. 
For most occupations in this analysis, data on gross 
additions is derived by projecting a trend in the number of 
graduates of approved courses of training. In most cases a 
linear trend is extrapolated, but in some "growth" occupations 
a non-linear trend is used. In order to justify the use of a 
non-linear form, the data available in the base period should 
exhibit tendencies toward non-linearity, and some non-empirical 
evidence should be available which indicates that the occupa­
tion in question is in fact a "growth" occupation, i.e. that 
the number of additions is expected to increase at an in­
creasing rate. Simply allowing the data to dictate the nature 
of the regression equation changes the confidence level of the 
forecast and makes the entire procedure suspect. The ex ante 
hypothesis for most trends extrapolated in this study is lin­
earity. The justification for other forms of equations is 
based upon non-empirical information, or is explained at the 
point in the paper where the forecast is made. 
In cases where "reliable" forecasts of future additions 
to supply in an occupation are available from outside sources, 
these may be used instead of some self-generated forecast. 
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The supply of dentists is forecast in this manner in chapter 
eleven. It may be that a forecaster using the present time as 
the base period would wish to survey heads of training insti­
tutions regarding the magnitude of expected future additions 
to supply. 
If one uses the concept of gross or potential supply, 
then it is proper to use death rates as the measure of dele­
tions from supply during a given time period. Mortality rates 
are decreasing over time in the United States (93, pages 28 -
29), The decreasing trend appears to apply to all age and sex 
categories, although it is possible that an increase would be 
found for some cohort groups if another breakdown were used. 
In any case, deaths per 1,000 persons in an age and sex cate­
gory are not constant over time, and it becomes necessary to 
forecast changes in these rates. This can be accomplished by 
various means, or outside forecasts made by demographers may 
be used, 
A sophisticated estimate of deaths in any occupation 
during some time period t would be derived as follows. His­
torical data Would be gathered on deaths per 100 persons of 
a given age and sex in the occupation in question. If reli­
able forecasts of the death rate are available, these may be 
used, or the forecaster may generate his own. Denote this 
death rate by where i indexes age, j refers to the jth 
occupation, and s denotes sex. Rates must be expressed per 
some unit time period, and I define d^jg^ as the number of 
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deaths per 100 individuals in the category in the time inter­
val from time t-1 to t. Let Xj^jst dG^^te personnel in cate­
gory ijs at time t, and g^j^^ be additions to the category in 
the time interval from time t-1 to t. Then Xj . . = X4 , . . . ijst 1-1,js,t-1 
(1 - d^_^ and total deaths in occupation j from 
time t-1 to t = J I 
Several simplifications of this procedure may be used. 
The age distribution of employment is seldom known by single 
years of age. Census data (95, pages 37 - ^ 2) is generally 
reported by five year age categories. We can convert this to 
an estimate of single years of age by assuming a rectangular 
distribution of persons within a category. Alternatively, we 
can use the index i to denote five year age categories rather 
than single years of age. Then x^jg^^+k ~ ^ ijs,t+k-l ~ 
dij8,t+k) + Sijs,t+k for k = 0, 1, 4, and x^j^^^+k = 
^i-1, js,t+k-l ( ^ ~ ^ i—l, js,t+k^ Sijs,t+k ^ = 5, 6, ,,,, 
9. That is, the number of persons in age group 30 - 34 is 
^transferred" to age group 35 - 4-0 only at five year inter­
vals. 
To work with either single years of age or five year age 
categories in this manner requires that the age distribution 
of new entrants, or additions, be known. This information is 
not generally available. For this reason the analysis in 
chapter eleven simply assumes the age and sex distribution to 
be constant over the forecast period. Experimentation with 
some occupations using a "reasonable" hypothetical age and sex 
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distribution for additions discloses that the error introduced 
by the assumption of constancy is very small. 
For some occupations Which have been in existence for 
only a short period and hence have a very youthful composi­
tion, such as sanitarians, for example, a changing age composi­
tion is necessary if the forecast period is much over ten 
years. Even for these occupations, the error introduced by 
assuming a constant age and sex distribution is very small for 
a ten year forecast period. 
If the analysis is conducted for some sub-national area, 
the problem of migration becomes important. For national 
forecasts, it may be assumed that net migration of personnel 
is negligible for most occupations. The analysis in chapter 
eleven considers migration for only one occupation, namely 
physicians. Net migration can be handled by simply incorpor­
ating it into g^jgt. 
One criticism which may be leveled at the method used to 
derive the supply constraints in the empirical portion of this 
paper is that no explicit allowance is made for retirements. 
This is in keeping with the concept of gross or potential 
supply. Persons over age 65 are still at least "potentially" 
available for work. It may be that some reduction should be 
made, for example to consider three persons over age 6^ as 
equivalent to one under this age limit. This ratio can be 
estimated from historical data, if it is available. However, 
if this reduction in potential supply is estimated, then 
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consistency would dictate adjusting for persons active in the 
labor force, but not working in the occupation for which they 
were trained, as well as persons removed from the labor force 
prior to age 65 for reasons other than death. 
Various tables in the section of chapter eleven devoted 
to estimating the supply constraints show that substantial 
numbers of persons in the health occupations are still em­
ployed long after age 6^. Since data does not exist regarding 
retirement rates, the entire analysis is conducted in terms of 
gross supply. There is nothing wrong with this, as long as 
any interpretation of the results is carried out with a clear 
conception of the nature of the input data. A forecaster 
using the model developed herein would probably find his re­
sults more easily applicable to decision making if a net con­
cept of supply were used. Certainly the supply estimates 
contained in chapter eleven are crude, but it is not my pur­
pose herein to develop a sophisticated model for forecasting 
supply changes. I am attempting to show how to use supply 
and demand forecasts together to analyze relative shortages 
in various occupations. Several different methods of fore­
casting supply are compatible with the overall scheme, 
For some occupations which have very low or no training 
requirements as a prerequisite for entry, no upper bound con­
straint is estimated. This is an oversimplification, in that 
an upper bound constraint does exist, de facto. However, this 
limit is very difficult to estimate without going to some type 
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of full "general equilibrium model of the labor market", which 
is beyond the scope of this paper. Even thou^ dental office 
assistants, for example, require no formal training beyond 
high school to gain entry to the occupation (81j., page 701].), 
some upper bound is present in the foz% of the total number of 
persons in suitable age and sex categories present in the 
population. The true constraint is much lower than this, in 
general depending upon relative wage rates and working condi­
tions between the occupation in question and all possible 
alternatives. If the health Industry wishes to hire more den­
tal office assistants, it can assumedly do so. This can be 
accomplished by raising wage rates, if not by other means. 
The nature of the resulting adjustment process depends upon 
the response by competing industries or occupations. Con­
sidering forecasts of only ten years into the future and 
changes in demand of minor magnitude relative to the size of 
the total labor force, it is probably not unrealistic to con­
sider supply unconstrained for these occupations. 
Actually, the entire problem of decreases in supply due 
to causes other than death and upper bound constraints for 
occupations without training requirements for entry are best 
handled in a model which allows explicitly for a supply re­
sponse to demand and employment conditions. This would entail 
the use of a two-way recursive system, in which wage rates 
and their determination would play a much more Important part 
than they do in the model herein presented. This two-way 
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recursive model would be much more precise theoretically, but 
I submit would probably not be as useful in forecasting for 
the intermediate term period. Supply response to demand con­
ditions is essentially a long-run phenomenon. Since the 
stated purpose of the model developed in this paper is to pro­
vide information useful in planning for training purposes, e,g, 
for affecting supply, it may appear that the model is inappro­
priate for the use for which it was designed, I believe this 
is untrue, as each year or two years or five years, as re­
sources permit, the parameters may be re-estimated and another 
forecast made for ten years into the future. Even if a long-
term forecasting model is used, say to forecast twenty or 
thirty years into the future, provision for interim re-evalua­
tion should be made. It is inherent in forecasting that the 
degree of confidence in the forecast decreases the farther 
into the future the time period for which the forecast is 
made. 
Lower Bound Constraints 
Several types of lower bound constraints can be used. 
These represent the "smallest magnitude that employment can be 
in the period in question". For occupations in which most 
persons are self employed, a reasonable lower bound for period 
t is employment in t-1 minus forecast deaths. In the short 
run, it may be impossible to reduce employment below this fig­
ure, unless some type of annual licensing is required and the 
7^  
number of licenses is restricted as a policy measure. 
Other occupations may be viewed as having no positive 
lower bound constraint, as the health industry could conceptu­
ally abolish some occupational classification and cause all 
persons previously in this occupation to seek other employ­
ment, Alternatively, lower bound constraints for all occupa­
tions could be estimated as suggested above for occupations 
composed primarily of the self employed. 
Lower bound constraints are useful primarily to prevent 
the recursive program from giving absurd results. In most 
cases, these constraints are inoperative. In the analysis in 
chapter twelve, no lower bound constraint is ever binding. In 
the event that the program does give "unrealistic" results, 
for example a solution that entails cutting employment in some 
occupation in half in one year, some "reasonable" constraint 
can be added. One might arbitrarily specify that employment 
in period t+1 must be at least 90^ of employment in period t, 
for example, "Informed judgement" can be used to specify what 
a reasonable rate of orderly decline in employment in an occu­
pation mi^t be, in the event that a problem of this sort 
occurs. Employment inmost occupations in the health field is 
growing, not declining, and a forecast of an "unreasonable" 
rate of decline probably represents an incorrect specification 
of the model or an inaccurate estimate of some parameter(s), 
A problem of this type should be rectified by correcting the 
cause of it, rather than simply constraining the model. 
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Other Constraints 
The forecaster is free to add other constraints to the 
model, if it is found that these exist in the health industry. 
For example, it may be desired to employ at least one practi­
cal nurse for every professional nurse in certain classes of 
hospitals. If hospitals rely upon such a rule of thumb in 
hiring personnel, this may be converted to a total employment 
basis and added to the program as a constraint. If a law is 
passed requiring at least one sanitarian to be employed by 
every municipal health department in municipalities over a 
certain size, a computation can be made of the total number of 
sanitarians thus required and the result entered as a lower 
bound constraint in the program. In adding constraints of 
this nature, only one principle must be adhered to. If a 
lower bound constraint is ever higher than the upper bound 
constraint on that same variable, no feasible solution will 
exist. The addition of constraints can cause infeasible 
solutions in other, less trivial, ways as well. The fore­
caster is probably best off ignoring problems of this type un­
til they occur, and then modifying the model, An infeasible 
solution is evidence of an improperly specified model. 
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CHAPTER VI. OBJECTIVE FUNCTION AM) TOTAL RESOURCE CONSTRAINT 
There are several types of objective functions which 
could be used for the model developed herein. There is little 
theoretical basis for selecting one over another, and ideally 
one might test several variations to attempt to isolate the 
one giving the best results. The purpose of this analysis is 
to find some objective function for use in industries, such as 
the health industry, for which the traditional profit maximi­
zation hypothesis is inappropriate. Cost minimization subject 
to an output constraint is really a form of profit maximiza­
tion, and Baumol*s sales maximization hypothesis (27, pages 
301 - 303) intuitively seems inappropriate. There is no 
reason why firms within the health industry should be con­
cerned about concepts such as the "share of the market". 
These are "economic objective functions" which have been pro­
posed for the firm. Since my model is explicitly macroeconom­
ic in character, it is not surprising that these objectives 
are not useful as decision criteria in my model. 
Very little has been done in economic theory regarding 
objective functions for an industry. An industry is, after 
all, not a decision making unit. Yet I would maintain that 
because of the large amount of public funds expended for 
health, and because of the great degree of control exercised 
over the health industry by various levels of government in 
licensing facilities and personnel, an objective function for 
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the health industry as a whole is quite appropriate. 
The preceding argument may appear to be academic, in that 
the nature of my proposed objective function should be appli­
cable to almost any industry. All of the possible objective 
functions that I will propose relate to minimizing some func­
tion of excess demand. The argument regarding the validity of 
the industry as a decision making unit is not purely academic, 
however, for the sum of several individual optima need not be, 
and usually is not, equal to some overall optimum. Even 
though the minimization of some function of excess demand may 
be a reasonable objective function for the individual firm as 
regards its labor market decisions, this does not make it a 
reasonable objective function for an industry composed of many 
decision making units unless evidence can be presented to 
indicate that there is some overall decision making body which 
compensates for the actions of individual units in the indus­
try in question in such a manner as to cause the solution to 
the overall objective function to be approximated, I claim 
that the health industry is in this latter class, although I 
admit that my concept of the "public sector" as being the com­
pensating decision making unit is a bit nebulous. 
Variations of the Objective Function 
The simplest objective function which comes to mind is 
minimize S (x^^ - x^^), i.e. minimizing excess demand, where 
demand is estimated only for some target date t = T, rather 
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than having separate estimates for each year from t = B to 
t = T, Because employment cannot exceed demand, and because 
true minimization of this function would dictate making excess 
demand as negative as possible, it is necessary to add a con­
straint of the form x^^ < xY^. One difficulty with this for­
mulation Is that it assumes that a shortage of one physician 
is precisely as serious as the shortage of one hospital at­
tendant, Intuitively, assuming that wage rates bear some re­
lation to the marginal value product of the worker involved, 
a shortage of one physician should be more serious than a 
shortage of one hospital attendant. This problem may be rec­
tified by weighting the difference between demand and actual 
employment by the marginal value product of the average person 
In the occupation. It is, of course, impossible to operation­
ally measure the marginal value product, so it may be assumed 
that wage rates are approximations to the marginal value prod­
uct. This is a rather heroic assumption, but it may be noted 
that since multiplying the objective function by any positive 
constant has no effect upon the solution values, we need only 
assume that relative wage rates are measures of relative mar­
ginal value products. This assumption is more reasonable. If 
we denote the relative wage rate for occupation j by r^, our 
objective function becomes minimize Z r^CxJrp - Xj^), 
This form still has some deficiencies, however. For an 
occupation which may be declining over time, l,e, one such 
that xty is less than x^g, an unrealistic adjustment path is 
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forced by the restriction . Essentially, the entire 
decrease in employment must take place in the first period, 
rather than allowing for a gradual rate of decline. That is, 
Xjg will decline to something less than or equal to xjrp by 
period t = B+1, This has repercussions on other occupations 
as well, assuming that the total resource constraint is bind­
ing, Unrealistic adjustment paths are likely to be the result 
for a number of occupations. 
This problem may be avoided by using a quadratic objec­
tive function and dispensing with the constraint x^^ < x'J^, 
The objective function is now of the form minimize 
S l^rj (Xjgi - Xj^)J^, It is apparent that any solution in 
which Xj^ > Xjgi is non-optimal, since the value of the objec­
tive function is lowered by the simple expedient of reducing 
Xj^ until it equals xY^. Given the nature of the total re­
source constraint, discussed later, this action will also free 
resources which can be used to hire additional personnel in 
other occupations, where excess demand is positive, further 
reducing the value of the objective function. Thus, with a 
quadratic objective function a constraint of the fom x^^ < xV^, 
is redundant. 
Still another problem exists. Assuming no difference in 
relative wage rates, a "shortage" of 1,000 persons in an occu­
pation employing ^,000 persons is no more serious than a 
shortage of 1,000 persons in an occupation employing ^ 00,000 
Workers, given the last objective function specified. This 
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does not seem intuitively correct. One means of rectifying 
this is to use an objective function which minimizes squared 
percentage deviations. Two choices are available. One may 
either minimize S |^r^ (x|"^ - or E [^r^ (x^rp -
Xj^)/x?,jj2, The former is extremely difficult to program. 
Hence, the latter fom is used in this analysis, as presented 
in chapter two. This then, is the rationalization for the 
form of objective function used. 
It may be noted that the reasoning behind using relative 
wage rates as weights in the linear difference formulation is 
no longer as valid once we use percentage deviations. The r^ 
in the linear difference form are estimates of the true weight, 
while using the same r^ in the percentage deviation form in­
volves using it as a proxy for the true weight. Relative wage 
rates are a reasonable estimate of the differences in the 
value to the health industry of one person in different occu­
pations, They need not be a good estimate of the difference 
in the value to the health industry of one percentage change 
in employment in different occupations. The weights are still 
necessary, for reasons previously stated, but it is not clear 
how these weights should be estimated. Relative wage rates 
are used in chapter eleven as weights, but it must be realized 
that these are only proxies for the true weights. 
Other variations of the objective function are possible. 
We could minimize the absolute value of the percentage devia­
tions rather than the squared percentage deviations. The two 
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methods would, in most cases, yield slightly different re­
sults. The primary objection to the absolute value approach 
is that it is difficult to program. 
Total Resource Constraint 
Some form of constraint which accounts explicitly for 
the fact that the health industry may not be able to expand 
employment to the point where all "ceteris paribus demands" 
for individual occupations are satisfied, even abstracting 
from supply constraints, is an integral part of the model de­
veloped in this paper. It is assumed that there is some form 
of total resource constraint. This constraint states that the 
sum over all occupations of the product of average earnings 
and total employment in each occupation cannot exceed some 
specified figure. 
The specification of the total resource constraint re­
quires the forecasting of average earnings for each occupation 
and of the total amount of resources which will be available 
for expenditure on payroll costs. Considering average earn­
ings first, there are several ways in which these may be esti­
mated, If time series data is available on trends in real 
average earnings by occupation, we can project future earnings 
using regression analysis. If, at least for some occupations, 
we feel that dependable forecasts of exogenous variables are 
available, these may be utilized in forecasting future earn­
ings, It may be anticipated that productivity will rise more 
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rapidly in some occupations than in others, and that this will 
result in a more rapid increase in earnings for some occupa­
tions than others, for example. If we can estimate the magni­
tude of these differential rates of productivity increase, we 
can use these estimates to forecast earnings figures. If the 
seniority composition of an occupation is expected to change 
materially, this may affect average wage rates. In most 
cases, workers with more experience earn more. If skill re­
quirements in an occupation are expected to change, this will 
have an impact upon earnings. As a greater proportion of 
"practical nurses" become "licensed practical nurses", for 
example, it would be expected that average earnings in this 
occupation will rise. These considerations should be taken 
into account in forecasting earnings. 
In chapter eleven, a simpler method is used. Since time 
series data are unavailable on earnings in most occupations, 
it is assumed that earnings in all occupations will change at 
the same rate in the future as average earnings in all manu­
facturing industries have changed in the past. This has some 
advantages in that it simplifies the computational problem. 
Since all earnings change at the same rate, relative earnings 
are constant. Thus, the r^, or weights in the objective func­
tion, are constants. 
The second variable to forecast for the total resource 
constraint is the amount of resources available to be used to 
pay persons in the occupations concerned. In chapter eleven. 
this is estimated by forecasting net national product and 
total expenditures on health, both public and private, as an 
increasing percentage of net national product. I then assume 
that total earnings by persons in the occupations considered 
is a constant percentage of total expenditures on health. 
This method has some merit, in that reliable outside forecasts 
of net national product are usually available. Expenditures 
on health as a percentage of net national product also appears 
to be a very regular function of time. The last assumption, 
however, is much more questionable, Even if total payroll 
costs were constant, this would imply that average annual 
earnings would be declining due to the increasing importance 
of fringe benefits. The Chamber of Commerce of the United 
States (31) reports that fringe benefits have increased from 
1^,^% of total payroll in 1947 to 28/o in 1963, according to a 
survey of 86 companies. It may be expected that many health 
occupations have been similarly affected. If there is any 
capital substitution for labor, or vice versa, this would 
change the percentage of total expenditures on health used to 
pay personnel in the occupations considered. Since we are not 
considering all occupations within the health industry, changes 
in average wage rates of occupations included in the analysis 
relative to those which are not included will affect the per­
centage of total expenditures available to pay personnel in 
included occupations. The assumption of constancy in this 
latter percentage is definitely only a rough approximation to 
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reality. Its usefulness can only be evaluated through an 
analysis of the results of forecasts made using it, 
A more theoretically correct approach to forecasting 
total expenditures on health might be to break this down by 
source of funds. The primary categories mi^t be private in­
dividual consumption expenditures, governmental expenditures, 
expenditures by philanthropy, and expenditures by industry. 
We can then forecast each of these components separately, 
using various independent variables. Private consumption ex­
penditures may be a function of the forecast demand for serv­
ices and forecast changes in the price of services directly. 
Indirectly they are a function of population growth and 
changes in per capita real income, as well as other variables 
discussed in chapter three. Governmental expenditures may be 
forecast by analyzing the amounts of unexpended funds allo­
cated to health by previous legislation, as well as the prob­
able impact of pending and forecast future legislation. The 
impact of medicare and similar programs would be a factor. 
Expenditures by philanthropy and industry can be esti­
mated as functions of time. Allowance must be made for inter-
dependencies between sources of funds, Expenditures by philan­
thropy may decrease as expenditures by government, through 
medicare and medicaid, increase, Expenditures by business are 
primarily in the form of fringe benefit payments to employees, 
such as employer contributions to health insurance premiums. 
It has been estimated (58, page 1^3) that in 1961 employers 
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paid of all health insurance premiums. Industry also 
makes expenditures on health in the form of in-plant medical 
services for employees, and provision of benefits under work­
men's compensation laws. To the extent that trends in indus­
try expenditures can be forecast by analyzing trends in bene­
fit schedules under workmen's compensation and trends in the 
prevalence of hospital and medical insurance benefits nego­
tiated through collective bargaining, these latter variables 
can be used to forecast industry expenditures. 
Expenditures by philanthropic funds are of such diverse 
types as to make forecasting other than by means of a time 
trend very difficult. Various national voluntary agencies for 
the control of specific diseases are active in raising funds 
for health. These include organizations such as the American 
Cancer Society and the National Infantile Paralysis Founda­
tion. The magnitude of funds derivable from these sources 
fluctuates widely from year to year, making forecasting diffi­
cult. Other magnitudes, such as the donated services of 
Sisters, are more stable and hence more easily forecast (58, 
page 57). As is true of many variables, the sum total of 
philanthropic expenditures appears to be a more stable func­
tion of time than is true of its individual sub-components. 
There is no particular reason why a forecast of total 
expenditures on health made on any disaggregated basis should 
be more accurate than a forecast based upon an increasing 
percentage of net national product. The disaggregated 
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approach would provide more information regarding how changes 
are taking place, but our primary interest is not in explaining 
changes in expenditures. That method of forecasting expendi­
tures which yields the most accurate information regarding 
labor market variables is the "best" for our purposes. The 
determination of this is an empirical question. 
We are still left with the questionable assumption that 
total earnings for occupations considered is a constant per­
centage of total expenditures on health. This problem prob­
ably cannot be resolved unless all health occupations are in­
cluded in the model. It is somewhat easier to forecast total 
resources available for paying personnel than to forecast 
total resources available for paying a selected sub-group of 
personnel, as historical data on total personnel costs is more 
easily obtainable. 
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CHAPTER VII. DETERMIMION OP BASE PERIOD MAGNITUDES 
IN TESTING PROCESS 
In order to obtain some evidence regarding the usefulness 
of the model developed in the preceding chapters, an attempt 
is made in this and the following chapters to predict employ­
ment by occupation in I960 based upon 195*0 base period data. 
This is a semi-simulâtion process, in that the I96O figures on 
demand for health services are accepted as data. Thus, the 
only part of the model being tested here is the conversion of 
data on demand for services into a forecast of employment by 
occupation. Since the data on employment by occupation in 
i960 are known at the time the test is performed, there is 
always a possibility of bias, I have endeavored to eliminate 
this bias insofar as possible, but it should be recognized 
that the test of the predictive ability of the model performed 
herein is a rather weak test, A forecaster operating in 1950 
might have included a provision for the effects of some type 
of medical and health insurance for the aged financed from 
governmental revenues, on the supposition that this would be 
legislated prior to I960. Having the advantage of hindsight, 
I know that medicare was not legislated until after I960, and 
hence ignore the impact of this. It should be obvious that 
there are several potential advantages to hindsi^t, which may 
enter into the testing process consciously or unconsciously. 
Yet some test of the model is better than none at all. 
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In order to introduce an element of fairness into the 
testing process, the results of a forecast using the model 
previously developed are compared not only with the actual 
figures for I96O, but also with the results of a "naive" 
model, to be described later. It is felt that the ability to 
forecast better than the "naive" model constitutes a minimum 
standard of acceptability for any more complex model. As a 
practical matter, even if the complex model forecasts better 
but the cost of the information obtained is considerably 
greater, it may be preferable to use the more naive model. 
This again depends upon the use to which the results of the 
forecast will be put, and the costs of making the "wrong" de­
cision based upon a less accurate forecast, I allow myself 
the freedom to abstract from these considerations, and simply 
compare the results of my model with those of the "naive" 
model with respect to accuracy of the forecast, abstracting 
from the costs of obtaining the forecast. 
Estimation of Saploymant by Occupation in 19^0 
As previously mentioned, there are a rather small number 
of alternative sources of data regarding health manpower (126, 
pages 5 and 6), The available sources can be classified into 
three primary groups: publications of various professional 
associations such as the American Medical Association, Ameri­
can Nurses * Association, and so forth; census data; and data 
from other governmental agencies such as the Bureau of Labor 
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Statistics and the Public Health Service, For the testing 
process in this paper, data published by the Public Health 
Service (10?, page II}.) will be used to provide estimates of 
the actual employment in selected health occupations in 195*0 
and I960. To an extent, this will be modified in certain 
cases to correct for definitional deficiencies, such as in­
cluding inactive physicians in the reported total, or where 
the Public Health Service data is inconsistent with all other 
sources. This choice of primary data source on employment 
figures is made for two reasons. The Public Health Service 
data for different occupations are more comparable than would 
be true of data garnered from the various professional soci­
eties, and are more readily available in a concise form. Cen­
sus data is perhaps the most reliable of the three sources of 
data, but because of the highly aggregative occupation classi­
fications used is not as useful for analytical purposes. The 
Public Health Service data strikes a compromise between reli­
ability and usefulness, and can be readily compared with cen­
sus data, as it merely represents a further breakdown of some 
census aggregates, Note that comparability does not imply 
consistency in all cases. It may be interjected that for 
actual policy making purposes even the Public Health Service 
data is too aggregative. My purpose here is to demonstrate 
that my model forecasts "accurately" usin^g, reliable occupation 
data. It then remains for the policy maker, or one who wishes 
to influence a policy maker, to derive "reliable" data by a 
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Table 19. Estimated employment in twenty selected health 
occupations in 19^0^ 
Occupation Occupation title 19^0 
code employment 
1 Physicians (active, nonmilitary) 186,800^ 
2 Pharmacists 101,100 
3 Chiropractors 20,000 
h Dieticians and Nutritionists 22,000 
5 Medical laboratory technicians and 
technologists 30,000 
6 Medical X-ray technicians and 
technologists 30,800 
7 Opticians, lens grinders and polishers 19,200 
8 Optometrists 17,800 
9 Psychologists, clinical and other 
health 3,000 
10 Occupational therapists 2,300° 
11 Physical therapists 4,600 
12 Dentists 78,917^  
13 Dental office assistants 22,200 
Ik Dental hygienists 7,000 
15 Dental laboratory technicians 21,000 
16 Professional nurses 372,000 
17 Practical nurses 137,000 
18 Aides, orderlies, and attendants 221,000 
19 Sanitary engineers 6,000 
2,000 20 Sanit arians 
®-Sour*ce: (107, page 1L|.), 
^Corrected for inactives using data in page 61) and 
(78, page llj.0). 
^Figure used is from (91, page 76), 
^Corrected for inactives using data from (78, page I76). 
more relevant breakdown in using the model for an actual fore­
cast. 
Table I9 lists estimated employment in twenty selected 
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health, occupations in 1950. These occupations were chosen to 
provide a broad coverage of different types of occupations, in 
order to illustrate the use of different techniques for fore­
casting changes in the a^^.. The number of occupations was kept 
reasonably small in order to ease the computational difficul­
ties. To some extent, the selection of occupations was influ­
enced by data availabilities. 
Estimation of the Utilization of Services in 195*0 
The next step is to secure estimates of the utilization 
of the various categories of health services. Unfortunately, 
these are not all available from any single source, and the 
reliability of the estimates obtained varies. The final re­
sults of the process are summarized in Table 23, The demand 
for hospital services for all three categories of hospitals 
is based on information given by Arestad and McGovern for 
19^0 (20, page 110), Short-stay hospitals were defined as 
those having an average length of stay of thirty days or less, 
and include general; maternity; industrial; eye, ear, nose, 
and throat; children's; orthopedic; and isolation hospitals in 
Arestad and McGovern's classification scheme, "Other" hos­
pitals includes all hospitals having an average length of stay 
over thirty days, excluding nervous and mental hospitals, and 
includes Arestad and McG-overn's categories of tuberculosis, 
convalescent and rest, institutions, and "all other" hos­
pitals , 
93 
The average daily census figures given were multiplied by 
365".25' to arrive at an annual patient-day figure for each type 
of hospital. The data given in (20, page 110) included re­
ports from 6,430 of the 6,729 hospitals in the continental 
United States in 19^0. It is estimated that the 299 nonre-
porting hospitals had an average daily census of 1^,000 in 
1949 (25, page 118). This same figure was converted to a per­
centage of the average daily census of reporting hospitals, 
and all patient-day totals were revised upward by the result­
ing 1,1^ to arrive at the figures shown in Table 23. 
Since 19^8, an ongoing series on the utilization of 
physicians' services is available from the National Health 
Service (126, page 23). For 19^0, however, no really reliable 
figure is available. Several means of estimation can be used, 
A 1950 study found that the median county of twenty-seven 
western Pennsylvania counties experienced a total of Ij.,4 
physician visits per person per year (78, page 266). Multi­
plying this by the total population of the cohtinental United 
States of 1^0,697,361 in 19^0 (93, page 7) yields 663,068 
physician visits, expressed in thousands. The question is, 
how representative is this area of Pennsylvania with respect 
to the nation as a whole. In 1949, the number of physicians 
per 100,000 population in Pennsylvania as a whole was 139, 
compared to 135 for the United States as a whole (78, page 
138). This represents a three per cent differential over the 
national average. There is some evidence that physician-
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population ratios are correlated with physician visits per 
person (Table 20), but the nature of the relationship is un­
certain, It appears that a one per cent increase in physi­
cians per 100,000 population is correlated with a O.I}.^ in­
crease in physician visits per person per year. The relation­
ship is not regular enough, and the data is not good enough, 
to justify making any correction on this basis. 
Table 20, Number of physicians and visits on population basis 
by region^ 
Area Physicians per 
100,000 popula­
tion, 1962 
Physician visits per 
person July, 1963 -
June, 1964 
South 125 4.2 
North Central 132 4.4 
Northeast 183 4.5 
West 183 5.4 
^Sources: Column 1, computed from (110, page 27), Column 
2, (128, page 16), 
The age and sex distribution of the population in the 
twenty-seven counties in western Pennsylvania differs slightly 
from that of the nation as a whole,^ as shown in Table 21, 
Among males, the counties in question had slightly less 
than the national average percentage of their population under 
age 4^, while for females this percentage equaled the national 
^See (33, page 5'33) for list of counties considered. 
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Table 21, Percentage distribution of population, twenty-seven 
western Pennsylvania counties and total United 
States in 1950®" 
Age and sex category Twenty-seven western Total United 
Pennsylvania counties States 
Male: 
Less than l5 27.0 27.7 
15 - 24 14.a 14.9 
2^ - hk 29.6 29.6 
ïé - 64 20.6 20.3 
65 - 74 5.8 5.3 
75 and over 2.4 2.3 
Total 100.0 100.1 
Female : 
Less than l5 25.7 26.5 
15 - 24 15.2 14.8 
25-44 30.7 30.3 
45 - 64 19.9 19.9 
65 - 74 5.7 5.7 
75 and over 2.7 2.8 
Total 99.9 100.0 
^Sources: Column 1, computed from (98, pages 185 - 196) 
Column 2, (92, pages I46 - 147). 
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average. Both sexes were lower than the national average in 
per cent of population under age 15. This group uses less 
physician services than older persons, on the a verage.On 
the basis of age-sex distribution alone, the counties con­
sidered are very similar to the nation as a whole. As I have 
argued in a previous chapter, the age and sex distribution of 
the population is the best single variable to use in esti­
mating the demand for physician's services. 
Some fragmentary data on the utilization of physicians* 
services is available from other studies. Information on ex­
perience under the Health Insurance Plan of Greater New York 
indicates that there were 4.7 physician visits per person in 
19^0 (78, page 266). New York state had 209 physicians per 
100,000 population in 1949 (78, page I38), which is about 
above the national average for the year. Although the exact 
magnitude of the correlation between visits and physicians per 
population unit is irregular, it appears to be positive. Thus 
we might assume that 4.7 visits per person per year is too 
high an estimate for the United States as a whole. 
As noted above, "good" data on physician visits exists 
for years since 19^8. Unfortunately, the nature of the trend 
is such that we cannot project backward to 195'0. In the July, 
195^7 to June, 195^9 period, there was an average of ^.0 physi­
cian visits per person per year (129, page 17). In the July, 
lOsee Table 7. 
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1963 to June, 1961}. period, this had dropped to visits per 
person per year (128, page 19). The difference does not 
appear to be due to definitional differences. Further, the 
downward trend in visits is observed in 15" of 16 age-sex cate­
gories, using data in the above sources. Some possible rea­
sons for this trend were explored in chapter three. In view 
of the evidence previously presented, however, we cannot 
assume that the number of physician visits per person was 
higher in 19^0 than in 1957 to 1959. That is, we cannot pro­
ject backward. Physician visits per person per year in 1928 -
1931 numbered approximately 2,6 (Ij-O, pages 26 and 283). This 
is a reliable figure, but the twenty year time interval to 
1950 makes forward projection nonfeasible. 
We can attack the problem from the other side. That is, 
by using a figure for total physicians (Table 19) and data on 
average number of patients served by the average physician. 
In 19klf physicians in the District of Columbia saw an average 
of 78 patients per week (111, page 53). Assuming a 52 week 
work year,^^ and using the figure of 156,334 physicians in 
service code number multiplication yields 634,091 physician 
visits per year, expressed in thousands. However, the Dis­
trict of Columbia had 333 physicians per 1000 population in 
1949, compared to the national average of 135 (78, page 138). 
^Iprobably no physician works a 52 week year, but data on 
actual weeks worked is not available. Using a week work 
year would yield an estimate for total visits of 585,314, ex­
pressed in thousands. 
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Thus, it might be estimated that the figure of 78 patients per 
week is lower than the average. In the absence of data, it is 
difficult to project patients per week from I9i|.7 to 195^ 0, as 
previous data is affected by the wartime shortage of physi­
cians. The District of Columbia, for example, experienced 133 
visits per physician per week in 1945" (78, page 11^9). Data on 
patients per day for the nation as a whole are subject to 
great variation. In 19^6, it is estimated that general prac­
titioners averaged 16.I|. visits per physician per day (111, 
page ^6). Another source (78, page I96) gives a figure of 30 
patients per day for general practitioners in 195*2, with full 
specialists averaging 23 patients per day. Yet another source 
(83, pages 64-69) gives a figure of 2^,1 patients per day for 
all independent physicians in 1950. Utilizing this latter 
figure, together with an average ten hour day (82, pages 59-
63) and a 57 hour week (78, page 1^5) and 52 weeks worked per 
year would yield over a billion total physician visits. This 
is almost double the figure obtained by multiplying physician 
visits per person times the total population. This latter 
figure is the one used in this analysis, for two reasons. 
First, although the data on physician visits per person is 
crude, at least it pertains to the proper period in time. The 
data on patients per physician appears to be inconsistent from 
one survey to another, and to use it we have to make arbitrary 
assumptions regarding weeks worked per year. Finally, using 
the patients per physician data to estimate total utilization 
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of physicians' services outside hospitals causes the latter 
magnitude to be subject to an additional source of error, 
namely error in estimating the total number of active physi­
cians. Using the figure of 663,068 total visits, expressed 
in thousands, yields ij.,2Ij.l patients per physician per year. 
Assuming a ^2. week work year yields 82 patients per physician 
per week. Assuming an average ten hour day and fifty-seven 
hour week yields lZ|,lj. patients per physician per day. If we 
assumed a l\.8 week work year, the corresponding figures are 88 
patients per physician per week and 15".patients per physi­
cian per day, using the above assumptions. 
The figure for estimated utilization of dental services, 
measured in visits, was based upon information from the 1950 
survey of the dental profession,regarding per cent of 
civilian population visiting a dentist during one week in 
April, 1950, The percentage figures by age and sex category 
were multiplied times population in the cohort group to obtain 
total visits during the week. No allowance was made for mul­
tiple visits. The figure thus derived was multiplied by 2^. 
to gain a figure for total annual visits to dentists. The 
percentage utilization rates are shown in the following table. 
Summing the last two columns of the table and multiplying by 
52 yields an estimated 19i|.,9Z;l dental visits in 19^0, ex­
pressed in thousands. This is an average of slightly less 
^^Described in (65", pages 25^-260). 
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Table 22. Utilization of dental services. United States, 
1950^  
Age group Population, Per cent seeing Total visits 
total United dentist (one week) 
States Male Female Male Female 
Male Female 
Less than 2 8,236 
2 - 9 6,714 
10 - 14 2,660 
12 - 19 5.311 
20 - 24 2,606 
22 - 29 2,972 
30 - 34 §,622 
32 - 39 2,218 
40 - 44 2,070 
42 - 49 4,226 % - 24 4,129 
22 - 29 3,630 
60 - 64 3,037 
62 - 69 2,422 
70 - 74 1,629 
72 and over 1,743 
7,927 0.4 0.4 
6,482 2.2 2.2 
2,429 3.3 3.7 
2,302 3.1 3.8 
2,876 2.4 4.0 
6,270 2.7 4.0 
2,892 2.8 3.9 
2,729 2.6 3.8 
2,134 2.4 3.6 
4,244 2.2 2.7 
4,144 2.1 2.8 
3,605 1.6 2.0 
3,022 1.7 2.2 
2,278 1.2 1.4 
1,783 0.8 0.9 
2,111 0.4 0.4 
32,944 31,708 
147,708 162,122 
186,780 201,983 
164,641 201,290 
134,244 232,040 
161,244 220,800 
127,200 229,788 
143,468 217,702 
121,680 184,824 
99,272 122,688 
86,709 116,032 
28,080 72,100 
21,629 66,484 
29,100 36,092 
13,032 16,047 
6,972 8,444 
^Source: Columns 1 and 2 (97, page 89). Columns 3 and 4 
(78, page 290). 
than 1.3 dental visits per person per year in 1920, as com­
pared with an average of 1,6 visits per person per year in the 
July, 1963 through June, I964 period (127, page 16). 
The demand for environmental health services was ex­
pressed in terms of total population. In actuality, factors 
such as increasing urbanization, increasing air and water pol­
lution, and an increasing awareness of the benefits of better 
environmental health should be considered. These are very 
difficult to quantify, and are ignored here for simplicity. 
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One additional category of health services, labeled 
"other health" services, is set up. This is simply a "catch­
all" category used for the assignment of such health personnel 
as cannot be assigned to service codes one through six, 
"Other health" services i.^re also quantified simply on a total 
population basis. Even though both environmental and "other 
health" services are expressed on a total population basis, 
the split is conceptually useful whenever one occupation has 
personnel assigned to both service codes. It may be easier 
and/or more accurate to predict changes in the technical coef­
ficient for environmental health services than it would be for 
the combined total of environmental and "other health" serv­
ices, As it turns out, the only occupation so affected in 
this analysis is professional nurses. 
To an extent then, I have returned to the concept of 
"persons in occupation x per 1000 persons", which I previously 
argued was not very useful. This is forced by data limita­
tions, and to some extent, by a desire to keep the computa­
tional problems, and hence the number of service categories, 
reasonably small. 
The results of this process of estimation of the 195^0 
utilization of health services are summarized in the follow­
ing table. 
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Table 23, Estimated utilization of health services by cate­
gory, United States, 1950 
Service code Service category Utilization Units 
1 Short-stay hospitals 167,159 Patient -days, 
in thousands 
2 Nervous and ment al 
hospitals 
253,896 Patient -days, 
in thousands 
3 "other" hospitals 37,862 Patient-days, 
in thousands 
k Physicians* services 663,068 Visits, in 
thousands 
5 Dental services 194,941 Visits, in 
thousands 
6 Environmental health 150,697 Population, 
in thousands 
7 "Other health" 1^0,697 Population, 
in thousands 
Estimation of Technical Coefficients for 195*0 
Strictly speaking, technical coefficients would not need 
to be estimated if suitably refined data were available. They 
would simply be known data. The same is true, of course, of 
employment by occupation and utilization of health services. 
Given the data which is available for 195*0, however, numerous 
assumptions must be made in order to arrive at the estimates 
of the technical coefficients. This is even more true of the 
coefficients than of the demand for services. The usefulness 
of the approach should not be judged on the basis of the dif­
ficulty of estimation of 1950 magnitudes, because much better 
data is available if forecasts were made at the present time 
for 1975, for example. 
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The technical coefficients depend to a great extent upon 
the classes into which total employment and total utilization 
of services are divided. Ideally, one would choose the number 
of classes for each of these vectors on the basis of the 
within-class variation of the technical coefficients. If the 
coefficient for physicians in non-profit short-stay hospitals 
was significantly different from the coefficient for physi­
cians in proprietary short-stay hospitals, or changed in a 
different manner over time, then these two classes of services 
should not be aggregated. It is permissible to aggregate 
services even if technical coefficients differ as long as the 
coefficients for the two service classes are functions of the 
same variable, and change in a proportional manner over time. 
A similar argument holds for the degree of disaggregation of 
occupational classifications. As previously mentioned, the 
degree of disaggregation of both variables in this analysis is 
due partly to data limitations and partly to a desire to keep 
the computational difficulties within reason. 
The analysis proceeds by considering each of the twenty 
occupations in turn, and allocating the total number of em­
ployees in an occupation among the seven health service cate­
gories. Before considering the individual occupations, it is 
propitious to examine one health service category in greater 
detail. 
Some very detailed data are available regarding employees 
in nervous and mental hospitals (119, various pages). This is 
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summarized in the following table, which is referred to in 
later discussion of the breakdown of total employees in an 
occupation into the various service classes. Unfortunately, 
the Public Health Service data (119) are not comparable with 
the data from Arestad and McGrovern (20) because of irrecon­
cilable definitional differences. Since our estimate of total 
services rendered by nervous and mental hospitals is based 
upon the latter source, the Public Health Service data will be 
converted to ratios. These will be used to allocate personnel 
in those occupational categories for which better data is not 
available to the nervous and mental hospital service category. 
The personnel ratios are all for state mental hospitals, since 
data is not available on other types of control regarding 
average daily resident population for only those hospitals re­
porting personnel data. The error in this is perhaps not 
serious, because state hospitals comprise something in excess 
of two-thirds of all nervous and mental hospitals on an aver­
age daily resident population basis (119, page 30, and 2^ , 
page 119), Total personnel ratios do not appear to vary sub­
stantially between different types of control, although ratios 
for individual occupations may (119, pages 30 and 31)• Two 
part-time workers are considered equivalent to one full-time 
Worker in all calculations. An. average daily census of 
479,709 was used for state mental institutions in 19^ 0 (119, 
page 30), 
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Table 2i|., Personnel per average daily census, state mental 
institutions. United States, 195^0, selected occu­
pations & 
Occupation Number of Personnel per 
personnel average daily 
c ensus 
Physicians^ 2,057 .004288 
Pharmacists 169 .000352 
Dieticians 237 .000494 
Laboratory and X-ray technicians 647 .001349 
Occupational therapists 1,425 .002971 
Psychologists 342 .000713 
Physical therapists^ .000742 
Dentists 248 .000517 
^Source: (119, page 197). 
^Includes clinical directors, pathologists, specialists, 
and staff physicians. 
^Includes physiotherapists and hydrotherapists, 
Physicians 
There were approximately 186,800 active physicians in 
19^0, excluding those in military service (Table 19). Bachman 
(2^, page 60) estimates the total number of physicians at 
204,400. In 1949, approximately 91.4^ of all physicians were 
in active, nonmilitary practice (25", page 61 and 78, page 
140). Multiplication yields the figure shown in Table 19. 
This appears to coincide closely with figures shown in one of 
the publications of the Public Health Service (111, page 9), 
and with the figure given in the 195'0 population census. The 
census figure is 192,317 frcm the complete enumeration (95, 
10^  
page lo) and 188,980 from the three and one-half per cent 
sample. Correcting the higher figure for a portion of the 
inactives would bring the census figure in line with my esti­
mate, At least the census figure cannot be said to contradict 
the 186,800 figure. This figure is, however, at variance with 
the figure for total physicians of 232,700 given in another 
Public Health Service publication (107, page llj.). This figure 
admittedly includes inactives, but this would not account for 
the entire difference. I disregarded this last figure. 
According to 1949 data, 12.of all physicians worked 
in hospital service, giving a total figure for 19^ 0 of 25",35*6 
so engaged, using the same percentage (25", page 61). The 
allocation between the three classes of hospitals was accom­
plished by first multiplying the physician-patient ratio in 
state mental hospitals (Table 2Ij.) by the average daily census 
in all nervous and mental hospitals of 687,567 (2^, page 119). 
This yields 2,9l|8 physicians assigned to mental hospitals. 
The remaining 2 ,^3^6 minus 2,948, or 22,^ 08 physicians were 
allocated between short-stay and "other" hospitals on a 
patient ratio basis. Thus, 81.or 18,263 physicians were 
assigned to short-stay hospitals, and to "other" hos­
pitals , 
Data in (78, page 1^1) indicates that 2,^^ of all physi­
cians Worked for the Federal government, excluding those in 
military service. This works out to approximately 5,110 
physicians so engaged. These were arbitrarily assigned to the 
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environmental health service. This estimate is somewhat high, 
because some of the physicians working for the federal govern­
ment, notably those engaged by the Veteran's Administration, 
undoubtedly treat patients. On the other hand, some physicians 
engaged by state and local government bodies work in environ­
mental health. No better estimate is available. The remain­
ing 15^,334 physicians were assigned to health service code Ij., 
physicians' services outside hospitals. In reality, this 
classification includes physicians in independent practice, as 
well as those in group practice or employed by various clinics. 
These physicians do visit patients in hospitals, but are not 
employed by hospitals. 
Pharmacists 
Although a number of pharmacists were employed in hos­
pital pharmacies in 195^0, the great majority were employed in 
retail trade. Of all pharmacists, 3.^^ worked in hospitals 
(96, pages 12 and 68) and 89.1^ worked in retail trade (96, 
pages 12 and 5'2). It Is assumed that a large portion of the 
working hours of the pharmacists in retail trade are spent 
on rendering services not directly related to health, such as 
the sale of sundries. Thus for all pharmacists excluding 
those In hospitals, the technical coefficient is based upon a 
ratio to total population, rather than some average of physi­
cian visits and hospital days. The 3,437 pharmacists employed 
in hospitals (96, page 68) were allocated among the three 
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classes of hospital service by multiplying the pharmacist-
patient ratio in state mental hospitals (Table Z^.) by the 
average daily census in all nervous and mental hospitals of 
687,^67 (25, page 119). This yields 2[}.2 pharmacists employed 
in nervous and mental hospitals in 195^0, The remaining 3,437 
minus 21^2, or 3,19^, pharmacists were allocated between short-
stay and "other" hospitals on the basis of patient ratios be­
tween the two classes. Thus, 81,5"^ or 2,601). pharmacists are 
allocated to short-stay hospitals, and ^91 to "other" hospi­
tals • 
Chiropractors 
The 19^0 census (96, page 68) reports only 120 chiro­
practors employed in hospitals. In the absence of any infor­
mation regarding the type of hospital, and in view of the 
small number of persons involved, all chiropractors were as­
signed to health service code 7, "other health". It should be 
noted that the Public Health Service figure of 20,000 chiro­
practors in 19^0 does not coincide with other estimates. 
Bachman places the figure at 15^,000 (2^, page 91), while the 
195*0 census reports only 13,081). (95, page 10). 
Dieticians and nutritionists 
Bachman reports l5,000 dieticians in the United States in 
1950, of which 8,686 were members of the American Dietetic 
Association (25, page 86). Data is not available regarding 
how many of these were active. Most of the data available 
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pertain only to this latter 8,686 persons. The 19^0 census 
reports 21,960 dieticians and nutritionists, of which 12,330 
were employed in hospitals, and 1,^J0 in other medical and 
health services. The Public Health Service figure of 22,000 
used in Table 19 is apparently derived from the census data 
(96, page 68). Utilizing the dietician-patient ratio in state 
mental hospitals in Table 2^. results in an estimate of 340 
dieticians employed in mental hospitals. This is probably 
much too low, as it probably refers only to registered dieti­
cians. Regarding the disaggregation of the 12,330 persons 
working in hospitals, Hayes (5^, page 21^) estimates an aver­
age of 1.84 dieticians per 100 patients per day in non-profit 
and church general hospitals in 195'2. If we use this same 
figure for all short-stay hospitals in 19^0 we find 8,329 
dieticians and nutritionists employed in short-stay hospitals. 
This is derived using an average dally census of 4^2,677 
patients in short-stay hospitals in 1950 (2^, page 119). 
There is an unknown amount of error introduced by using a 19^2 
coefficient instead of one for 195*0. A more serious source of 
error may be due to the difference in personnel ratios between 
hospitals classified by control. In 195^0, for general and 
allied special hospitals, non-profit hospitals employed 1^.1.7 
employees per 1000 annual admissions. The corresponding fig­
ures for proprietary and governmiental hospitals were 25,I|. and 
lj.8.3 total employees, respectively. There is no reason to 
suppose, however, that dietician ratios are similar to total 
109 
employee ratios, particularly because of the American College 
of Surgeons* requirement that food service in hospitals it 
approves be administered by a person meeting the requirements 
of membership in the American Dietetic Association (2^, page 
86), If dieticians and nutritionists were allocated between 
the three classes of hospitals considered herein in proportion 
to patient-days of care provided, only 36.1}.^, or I;,i}.88, would 
be allocated to short-stay hospitals. There are 5,0^7 hos­
pitals in the short-St ay category in 19^0 (2^, page 119), so 
there would be less than one dietician per hospital. It is 
herein assumed that the tersdency for proprietary hospitals to 
use less total employees per patienb-day than is true of other 
types of control is offset by the limit to achieving personnel 
economies in the employment of dieticians because proprietary 
hospitals are predominantly small,If all of these employ 
at least one dietician, the average ratio will still be around 
1,8 per 100 patients per day in all hospitals, due to the off­
setting tendency of governmental hospitals to use more person­
nel than the average for all hospitals. No claim is made that 
the application of non-profit and church general hospital per­
sonnel ratios to short-stay hospitals as a whole is accurate. 
merely that it is a reasonable procedure. Thus, the figure of 
8,329 dieticians and nutritionists is used for short-stay hos­
pitals in this study. This leaves ^,001 dieticians and 
^^ore than one-half of all proprietary hospitals have 
less than fifty beds (2^, page 116), 
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nutritionists to allocate between nervous and mental and 
''other'' hospitals. This is done on the basis of the number of 
hospitals in the category. There were 5'79 nervous and mental 
hospitals in 19^0, and 794 hospitals classified as "other" 
hospitals. Thus, ^ 7,8^ of the %,001, or 2,313 dieticians and 
nutritionists were assigned to "other" hospitals, and 1,688 
were assigned to mental hospitals. 
This still leaves 9,670 dieticians and nutritionists 
working outside hospitals, A number of these are probably 
engaged in environmental health work. However, since the 
rationale behind distinguishing environmental health from 
"other" health services is the increased accuracy possible in 
forecasting coefficients, and since no data is available on 
this particular coefficient, all 9,670 persons were assigned 
to "other health" services. 
Medical laboratory technicians and technologists 
About two-thirds of all medical laboratory technicians 
and technologists are employed in hospital laboratories. 
Others work in physicians' laboratories and In public health 
(91, page 61), About f+ôij. laboratory technicians and technolo­
gists are estimated to be employed in nervous and mental hos­
pitals in 19^0,^^ Hayes reports that non-profit and church 
general hospitals used ^,16 laboratory technicians and 
l^See following section on X-ray technicians for the 
source of this estimate. 
Ill 
technologists per 100 patient-days page 21^), Multiply­
ing this by the 1^52,677 average daily census of short-stay 
hospitals in 1950 (25", page 119) we derive an estimated 23,3^ 8 
laboratory technicians and technologists employed in short-
stay hospitals, Bachman (2^, page 79) reports a total of 
24,979 laboratory technicians and technologists employed in 
hospitals. The difference of 1,157 was assigned to "other" 
hospitals. Probably most of the remaining 5,021 laboratory 
technicians and technologists were employed in physicians * 
offices and clinics, Given this preconception, it was felt 
that in the absence of any data it was preferable to assign 
these 5,021 technicians and technologists to health service 
code II, physicians» services outside hospitals, rather than to 
"other health" services. 
X-ray technicians 
About one-half of all X-ray technicians worked in hos­
pitals in 1950, while others worked in dentists* or physi­
cians* offices or in laboratories serving dentists and physi­
cians (91, page 63). In 1952, non-profit and church general 
hospitals employed 2,68 x-ray technicians per 100 patients per 
day (55, page 215). Multiplying this by the average daily 
census of I{.52,677 patients in short-stay hospitals (25, page 
119) yields an estimated 12,132 x-ray technicians employed 
in short-stay hospitals in 1950, Using the technician-
patient ratio for state mental hospitals in Table 24 and 
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multiplying by the 687,^67 average dally census In all mental 
hospitals (25, page 119), yields a total of 928 laboratory and 
x-ray technicians employed in mental hospitals. These were 
arbitrarily divided equally between medical laboratory and 
x-ray technicians, providing an estimated I+6l|. x-ray techni­
cians employed in nervous and mental hospitals. Viewed in 
another way, laboratory and x-ray technicians in nervous and 
mental hospitals ware divided roughly in proportion to their 
total numbers in all health service fields. Bachman (25, page 
79) lists 12,961 total x-ray technicians employed in all hos­
pitals. The remaining 365 of the 12,961 not assigned were 
assumed to be employed in "other" hospitals. No data was 
available on the number employed in physicians* and dentists* 
offices, and the 30,800 minus 12,961, or 17,839, x-ray techni­
cians were assigned to health service code 7, "other health" 
services. 
Opticians, lens grinders, and polishers 
Most opticians, lens grinders, and polishers are classi­
fied in the 1950 census under either manufacturing or retail 
trade, with slightly over a thousand classified under medical 
and health services (96, pages 12, 26, 58, and 70). Only 30 
persons are listed as working in hospitals. All 19,200 per­
sons in this occupation were assigned to health service code 
7, "other health" services. 
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Optometrists 
The 19^0 census of population classifies about half of 
all optometrists under "miscellaneous retail stores", and most 
of the balance under "medical and other health services, ex­
cept hospitals" (96, pages 12, ^ 6, and 68), Only 30 optom­
etrists are listed as working In hospitals. The reasons for 
the census distinction are not clear, but In any event it 
appears that very few optometrists work in service codes one 
through six. Thus, all 17,800 optometrists are assigned to 
service code seven. It would be preferable to define another 
service code for optometrists and opticians, but very little 
data is available on utilization of these services, either for 
19^0 or for more recent periods. 
Psychologists, clinical and other health 
It is difficult to allocate personnel in this occupation 
category among the various categories of health services, be­
cause we are considering only a subgroup of all psychologists. 
There were about 10,000 professional psychologists in the 
United States in 19^0 (91, page 109), of which approximately 
3,000 were trained in clinical psychology (78, page 209). 
About one-half, or 1,^00 of these were employed in a clinical 
setting. Although the I960 census gives data on psycholo­
gists, the 19^0 census aggregates psychologists Into a group 
called "social scientists". Census data is therefore not 
useful in assigning psychologists among the health service 
Ilk 
categories* Most clinical psychologists are employed in 
clinics and hospitals, although some are in private practice. 
The majority of all psychologists are employed in colleges and 
universities (91, page 109). 
Using the psychologist-patient ratio for state mental 
hospitals in Table 2k and multiplying by the average daily 
census in all nervous and mental hospitals of 667,567 (2#, 
page 119), yields an estimate of 1|.90 psychologists employed in 
mental hospitals. The remaining 3,000 minus k90, or 2,^ 10, 
psychologists probably work primarily in mental hygiene and 
child guidance clinics. These were assigned to health service 
code seven, "other health" services. 
Occupational therapists 
The Public Health Service (107, page llf) estimates only 
2,000 occupational therapists employed in 19^0. Bachman cites 
a figure of 3,400 for that same year (25, page 8^ 1, The 1951 
Occupational Outlook Handbook (91, page 76) lists 3,400 occu­
pational therapists in 1949, with only 2,300 active* This 
latter figure is the one used in Table 19. It is perhaps a 
low estimate, but no reliable information was available on 
normal growth rates for this occupation. Most occupational 
therapists work in nervous and mental hospitals, but ^'many are 
employed in tuberculosis and children's hospitals or wards" 
(91, page 75). 
Utilizing the occupational therapist-patient ratio for 
11^ 
State mental hospitals given In Table 24 and multiplying by 
the 687,^67 average dally census for nervous and mental hos­
pitals in 19^0 (25, page 119), yields 2,0^3 occupational 
therapists employed in mental hospitals. The remaining 2,300 
minus 2,043, or 257, therapists were arbitrarily assigned to 
^other" hospitals. 
Physical therapists 
Physical therapists work primarily in hospitals, but some 
are employed by private specialists and public health agencies 
(91, page 75») • Multiplication of the physical therapist-
patient ratio for state mental hospitals shown in Table 21). by 
the average dally census in all nervous and mental hospitals 
of 687,567 (25, page 119) yields 498 physical therapists em­
ployed in nervous and mental hospitals, Hayes (5^ , page 2l5) 
reports .73 physical therapists employed in non-profit and 
church general hospitals per 100 patient days. Using the 
average dally census of 452,677 patients in short-stay hos­
pitals in 1950 (25, page 119), and multiplying yields approx­
imately 3,300 physical therapists employed in short-stay hos­
pitals. Scane of the remaining 802 physical therapists prob­
ably should have been classified under "other" hospitals and 
physicians* services outside hospitals, but no data was avail­
able on this breakdown. The entire balance of 802 was as­
signed to health service code 7, "other health" services. 
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Dentists 
It is reported (66, page 378) that 94«7^ of all dentists 
are non-salairLed, An additional 0,5^ are employed by another 
dentist. The Public Health Service, and state and city health 
departments employed 0.8# of all dentists in 19^ 0, This 0.8#, 
or 631 dentists was arbitrarily assigned to environmental 
health services. The 19^0 census reports that approximately 
1,440 dentists worked in hospitals (96, page 68), Utilizing 
the dentist-patient ratio for state mental hospitals from 
Table 24 and multiplying by the average daily census for all 
nervous and mental hospitals of 687,567 in 1950 (25, page 
119), yields 355 dentists employed in nervous and mental 
hospitals. The remaining 1,440 minus 355, or 1,085, dentists 
were divided between short-stay and other" hospitals on the 
basis of patient-day proportions between the two classes. 
Thus, 81.5# of the 1,085, or 881, dentists were classified as 
working in short-stay hospitals, and 204 in "other" hospitals. 
This means 1.8# of all dentists worked in hospitals. The re­
maining 2.2# of all dentists represents teachers and those 
whose type of practice was not reported. These were assigned 
to health service code 5, dental services, making the total 
so assigned 97.4#, or 76,842. 
Dental office assistants 
All dental office assistants were assigned to health 
service code 5, dental services. It is possible that some of 
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these should have been assigned to one of the hospital service 
codes, but the total number would probably have been small. 
No data was available to provide a basis for the split. 
Dental hygienists 
It is estimated that about of the dental hygieniats 
in the United States in 191^0 were employed by privâte-practic-
ing dentists, while "most of the rest were in public health 
and industrial programs" (77, page 163). This corresponds 
closely with the figure of 3,600 dental hygienists working aS 
full-time employees of dentists^^ (78, page 183). Yet data on 
dental hygiene graduates during the 1949 to 19^1 period indi­
cate that about 7$% of all graduates secured employment in 
dental offices (1+, page 322). Approximately 3% went to work 
in hospitals in 19^0, and most of the rest secured employment 
in some governmental unit, primarily public school systems. 
In this study, 3,600 dental hygienists were assigned to health 
service code dental services, and the remaining 3,400 to 
code 7, ^ 'other health" services. (Riere is reason to believe 
that the number assigned to dental services is too low, but no 
basis for estimating the amount of error exists. The number 
of dental hygienists employed in hospitals is probably so 
small that it can be ignored without serious effect. 
footnote to the above indicates that "other estimates 
indicate that the total number of dental hygienists working 
today is 6,000". 
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Dental laboratory technicians 
Dental laboratory technicians make or repair dentures, 
bridges, etc, (91, page 236), Most of them are classified as 
working in the manufacture of a product, and a small number 
work in dentists' offices. In 19^0, about 3,300 dental tech­
nicians were employed by dentists (78, page 183). The re­
maining 17,700 were assigned to health service code 7, "other 
health" services. 
Professional nurses 
Arestad and McGovem (20, page 121) report 205,389 grad­
uate nurses employed in hospitals. Of these, 184,78% worked 
in shoi*t-stay hospitals, 11,263 worked in mental hospitals, 
and 9,342 Worked in "other" hospitals. Using the Public 
Health Service estimate of 375,000 professional nurses in 1950 
(107, page li|), this means that 5^.8# of all nurses worked in 
some class of hospital. No data is available on the number of 
nurses engaged in physicians* offices or in public health work 
in 1950. Some backward trend projection using the data in the 
following table is helpful in estimating these magnitudes. 
It may seem invalid to use data from future periods to 
estimate magnitudes for the base period, which in turn are 
used to forecast for future periods. I emphasize that the 
following information is used only to establish base period 
magnitudes, which would be known data as of 1950 if the proper 
surveys were made, No use Is made of the following data in 
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Table 2$, Professional nurses by field of practice, various 
years® 
Field of 
practice 
Number Par cent 
19^ 4 1926 19^ 8 19^ 4 1926 1928 
Hospital 
Office nurse 
Public health 
Other fields 
Total 
240,600 262,800 291,200 29.9 61.8 63.4 
32,200 36,000 37,000 8.8 8.4 8.0 
22,800 27,200 28,700 6.4 6.3 6.2 
100,000 101,000 102,800 24.9 23.2 22.4 
401,600 430,000 460,000 100.0 100.0 100.0 
®Souroe: (109, page 70). 
the forecasting process using either the expanded or naive 
model. 
Total nurses increased 7.1^ in the four year period 1920 
to 1924, and 14.2# in the four year period from 1924 to 1928. 
Therefore, it is not trends in total employment which can be 
projected backward on the basis of these observations, since 
the trend is obviously nonlinear. The changes in percentage 
employed in a given field can be projected backward, however. 
We know by previous computations that the percentage of nurses 
in hospitals in 1920 was 24*8#, and that there were 24,330 
nurses in the public health field in that year (109, page 70). 
This latter figure is 6.2# of the total. The problem is to 
assign the remaining 38.7# of professional nurses between 
office nursing and "other fields" as of 1920. Backward pro­
jection would yield 9.6# of all nurses in office nursing, and 
27.4# in "other fields". These add to only 37.0#. The 1.7# 
i.CU 
difference was assumed to fall in the "other fields" category, 
and 29,1^, or 109,281 nurseswere assigned to "other fields*. 
The 9,6%, or 36,000 nurses, was assigned to service code If., 
physicians• services outside hospitals. The 21}.,330 nurses In 
the public health field were assigned to service code 6, en­
vironmental health. As in the case of physicians, this prob­
ably includes some overages and some shortages. No claim Is 
made that these are offsetting, but a better estimate is 
simply not possible given the data available. 
Practical nurses 
In 19^ , there was a total of 49,880 practical nurses em­
ployed in hospitals, of which 31,026 were employed in short-
stay hospitals, 12,275 were employed in nervous and mental 
hospitals, and 6,579 were employed in "other" hospitals (20, 
page 122), An additional If7,620 were employed in hospitals 
"under other classifications but performing practical nursing 
duties" (25, page 80), Converting to percentages of the 
49,880 in each class of hospital service yields 62.2# in 
short-stay hospitals, 24.6# in nervous and mental hospitals, 
and 13.2# in "other" hospitals. Computing these percentages 
of the 47,620, for lack of better information, and adding 
yields 60,645 practical nurses in short-stay hospitals, 23,985 
in nervous and mental hospitals, and 12,870 in "other" 
^^ 29.1# of 375,000 is 109,125. The figure of 109,281 
above was obtained by subtraction. The difference is due to 
rounding errors in the percentage figures. 
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hospitals. These are the figures recorded in Table 27, The 
remaining 39,$00 practical nurses were assumed to be in 
private duty nursing, and were assigned to service code 7, 
*other health^ services.^? As is true of many of the occupa­
tions considered herein, it is undoubtedly the fact that some 
practical nurses are employed in physicians* offices, or are 
engaged in environmental health services. Lack of data sim­
ply makes it infeasible to estimate separate coefficients 
for these service codes, so the practical nurses in these 
categories are included in the *'other" health services cate­
gory. 
Aides, orderlies, and attendants 
There were 131,762 attendants, 6%,63% nurses* aides, and 
2l|.,^ il.3 orderlies employed in hospitals in 19^ 0 (20, page 122), 
The disaggregation by type of hospital is shown in the follow­
ing table. 
Since aides, orderlies, and attendants are all in one 
occupation code in this study, the totals in Table 26 were 
rounded slightly and entered in Table 27, 
^^ Bachman (2^ , page 80) estimates 52,^ 00 practical nurses 
in private duty nursing, for a total of 150,000, This analy­
sis uses the Public Health service total of 137,000 in the 
interest of uniformity. 
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Table 26. Auxiliary nursing personnel by type of hospital, 
United States, 19^ 0® 
Personnel type Short -stay 
hospit als 
Nervous and 
ment al 
hospitals 
"Other" 
hospitals 
Total 
Attendants 
Nurses* aides 
Orderlies 
Total 
S:s? 
20,702 
125,058 
79,208 
1,922 
834 
81,964 
7,737 
3,173 
3,007 
13,917 
131,762 
64,634 
24,543 
220,939 
S^ource: (20, page 122). 
Sanitary engineers 
Bachman (25, page 93) reports 5,000 sanitary engineers in 
the United States in 195b, about half of Which were engaged by 
public agencies# The other half worked as consultants for 
business and industry, academic institutions, and so forth. 
The Public Health Service figure of 6,000 sanitary engineers 
used in this study may be somewhat high, and it is possible 
that some portion of this should be assigned to "other" health 
services. The entire 6,000 persons was assigned herein to 
environmental health services, simply because nothing would be 
gained in forecasting accuracy or efficiency by assigning some 
arbitrary percentage to "other health" services. 
Sanitarians 
Bachman (25, page 93) reports that "In 1950, there were 
4,940 sanitarians in state and local health departments in the 
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United States^', Since the Public Health Service reports 2,000 
sanitarians in their figure (Table 19), I am assuming that all 
sanitarians work in the environmental health field. 
Evaluation of estimated employment by 
occupation and health service code 
The final results of the process of estimating employment 
cross-classified by occupation and health service category are 
shown in Table 27, We then divide each figure in a service 
code column of Table 27 by the total utilization of that 
service as shown in Table 23, thereby deriving the technical 
coefficients shown in Table 28, In terms of previous nota­
tion, Figure 1 shows that where the subscript ^0 
denotes the year 19^0, which is for the purposes of this anal­
ysis the base year, t = B. 
There are 20 times 7 or 11|.0 technical coefficients in the 
A^q matrix in Table 28, of which 8ij. are zeros and ^6 are non­
zero, Sane of the zero coefficients are accurate. That is, 
the number of opticians engaged in providing dental services 
is probably zero. Many of the zeros are due to lack of better 
data, however. There are probably some dental hygienlsts em­
ployed in hospitals, for example, as well as some x-ray tech­
nicians in physicians * and dentists# offices. This is a hand­
icap for accurate forecasting, but a handicap which can be at 
least partially offset by judicious forecasting of changes In 
the technical coefficients in the case of the naive model or 
demand coefficients in the case of the expanded model. This 
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Figure 1, 
167,129 
223,896 
37,862 
663,068 
194,941 
120,697 
120,697 
186,800 
101,100 
20,000 
22,000 
30,000 
30,800 
19,200 
17,800 
3,000 
2,300 
4,600 
78,917 
22,200 
7,000 
21,000 
372,000 
137,000 
221,000 
6,000 
2,000 
5^0 
Table 27» 19^0 emploTment cross-classified by occupation and health service code 
Occupation Service codes 
code 1 2 3 4 5 6 7 Total 
1 18,263 2,948 h M 156,334 5,110 M 186,800 
2 2,604 242 591 - - - 97,663 101,100 
3 - - - - - 20,000 20,000 
h 8,329 1,688 2,313 - - - 9,670 22,000 
23,358 464 1,157 5,021 - - 30,000 
6 12,132 464 365 - - • - 17,839 30,800 
7 - - - - - - 19,200 19,200 
8 - - - - - « 17,800 17,800 
9 - 490 
257 
- - - 2,510 3,000 
10 - 2,043 - - - - 2,300 
11 3,300 498 - - — - 802 4,600 
12 881 355 204 - 76,846 631 78,917 
13 - - - - 55,200 - 55,200 
14 - - - - 3,600 - 3,400 7,000 
15 — — - — 3,300 — 17,700 21,000 
16 184,78% 11,263 9,342 36,000 - 24,330 109,281 375,000 
17 60,645 23,985 12,870 - - - 39,500 137,000 
18 125,000 82,000 14,000 - - — - 221,000 
19 - - - - - 6,000 
5,000 
- 6,000 
20 " m — 5,000 
Table 28, Technical coefficients for 19^0 
Occupation 
code 1 2 3 
Service 
4 
code 
5 6 7 
1 .1093 .0116 .1095 .2358 .0339 
2 .015:6 .0010 .0156 - - - .6481 
3 - — - - - .1327 
k .0498 .0066 .0611 — - - .0642 
.1397 .0018 .0306 .0076 - -
6 .0726 .0018 .0096 - - - .1184 
7 - - - - - - .1274 
8 - - - - - - .1181 
9 - .0019 - - - .0167 
10 - .0080 .0068 - - - -
11 .0197 .0020 - - - - ,0053 
12 .0023 .0014 .0054 - .3942 .0042 
13 - - - • - .2832 - -
la - « - .0185 - .0226 
1^ — mm — — .0169 — .1175 
16 l.lOSb .0444 .2467 .0543 - .161U .7252 
17 .3626 .0945 .3399 - - - .2621 
18 .7478 .3230 .3698 - — -
19 - - - - .0398 -
20 - - - - .0332 -
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observation is particularly appropriate in the case of coeffi­
cients for "other health" services* We mast attempt to iso­
late, insofar as is possible, just what is contained in this 
service category. For example, if historically per capita 
utilization of optometrists * services has been increasing, or 
if the utilization of optometrists* services Is positively 
correlated with income and average Income is expected to rise 
substantially during the forecast period, we would forecast an 
increase in the technical coefficient for optometrists in 
*other health** services, ceteris paribus. Alternatively, if 
we had defined a specific health service vector component for 
the demand for eye care, we could assume the technical coeffi­
cient invariant and allow for the demand Increase in the 
service vector component. In other words, if suitably refined 
data is available and the proper degree of disaggregaticm of 
all variables is carried out, the technical coefficients repre­
sent purely technical relationships. If these conditions 
cannot be met, the technical coefficients are affected by fac­
tors other than those effecting the production function, nota­
bly by changes in demand characteristics. It is imperative to 
have some knowledge regarding the nature of the service per­
formed by the persons assigned to "other health" services be­
fore any forecast can be made regarding changes in the tech­
nical coefficients for these classes in the present analysis, 
because data limitations allow changes in nontechnical rela­
tionships to affect the technical coefficients. 
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Estimation of Demand Coefficients for 19^0 
In order to estimate the demand coefficients for 19^ 0 we 
must first gather information regarding excess demand for the 
various occupational categories of interest. In the previous 
section we derived estimates of employment in 19i?0, or of the 
vector We now need which can then be added to 
to get This latter vector can be estimated in various 
ways. In this analysis it is derived by estimating excess 
demand by occupation by health service category and adding 
these estimates to the estimated employment by occupation by 
health service category. These totals are then divided by the 
figures for utilization of health services by category to ob­
tain the 19^ 0 demand coefficients. This procedure is not 
necessary in order to obtain an estimate of excess demand, as 
it is not total excess demand but the demand coefficients 
which we really desire to estimate. Given the data availabil­
ities, the procedure used is most useful in this case. 
Much of the information regarding excess demand is quali­
tative rather than quantitative. The objective in this section 
is to obtain some estimate of the number of additional persons 
in each occupation which would be employed if qualified per­
sons were available to fill all positions. This is my defini­
tion of excess demand, which differs from the usual economic 
definition in that it does not specify "at the prevailing wage 
rate". For most occupations my definition and the usual eco­
nomic definition are identical, but for self employed personnel 
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a difference exists. The nature of this difference is dis­
cussed below in the process of estimating excess demand for 
physicians and dentists. 
This excess demand is herein classified by both occupa­
tion and service code. For many occupations this is not 
really necessary, because as long as the demand for some cate­
gory of personnel is so great that excess demand exists 
throughout the forecast period, the final forecast of employ­
ment is supply determined. Since it can seldom be unambig­
uously determined whether employment in an occupation will be 
completely supply determined, end since the magnitude of the 
difference between demand and actual employment can in certain 
instances effect the time path of employment adjustment gener­
ated by the recursive program, an attempt is made herein to 
estimate excess demand as carefully as possible. 
Those occupation^-service categories for which the 19^0 
technical coefficient in Table 28 was zero are also assumed to 
have zero excess demand. This is to provide a degree of com­
parability between the demand coefficients and te^mical co­
efficients at any point in time. For example, some x-ray 
technicians probably w<jKk in physicians* offices, but due to 
lack of data these persons were all assigned to "other health** 
services in deriving the 19^ technical coefficients. If 
excess demand data were available for 19^0 for this group, the 
excess demand would also be assigned to "other health" seirv-
ices rather than to health service code I;, physicians' 
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services outside hospitals. 
Some 195Ï data is available on shortages of personnel 
among several occupations in hospitals. Job vacancies were 
converted into a percentage of current employment in each 
occupation. Then these percentages were multiplied times the 
1950 employment in each of these occupations (Table 27) for 
all three types of hospitals, and the results entered in 
Table 36. The percentages are shown in the following table. 
Table 29* Job vacancies as a per cent of total employment, 
by occupation, all hospitals, 1921® 
Occupation Percentage 
Dieticians 32.2 
Laboratory technicians l2»0 
Occupational therapists 62.2 
Physical therapists 37.2 
Practical nurses 38.0 
X-ray technicians 16.ij. 
®Source: (22, page 79). 
It should be noted that the use of **3ob vacancies" or 
"budgeted vacancies" represents a conservative estimate of ex­
cess demand. This type of data is used extensively in this 
section. 
Vacancy data for certain types of mental hospitals is 
available on an annual basis from the Public Health Service. 
Vacancies for selected occupations in state mental hospitals 
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Table 30, Reported vacancies and vacancies per patient-day, 
state mental hospitals, 19^0, by occupation, 
selected occupations^ 
Occupation Report ed Vacancies per aver­
vacancies age dally census 
Physicians 61^ 9^  .00135 
Pharmacists 22 ,00005 
Dieticians 73 .00015 
Psychologists 77 ,00015 
Dentists 62 ,00013 
Professional nurses 1,^ 80 .00329 
®Sourco: Column 1 (119, page 200), Column 2 computed 
from (119, page 30) and column 1. 
^Includes clinical directors, pathologists, specialists 
and staff physicians. 
in 19^ 0 are shown in the above table. These vacancies were 
converted to a vacancies per patient figure by dividing by 
the average dally census in state mental hospitals in 191^ 0 of 
U79,709 (119, page 30), The rest of this section Is organized 
by occupation, for ease of reference. 
Physicians 
There are at least two categories of health personnel 
which may safely be said to have employnient supply determined, 
but for which the concept of budgeted vacancies is not mean­
ingful, These are self employed physicians and dentists. The 
elements of the vector purportedly represent the number of 
persons In an occupation Which would be employed, in addition 
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to current employment, if additional trained personnel were 
available to fill these positions * Certainly a large number 
of physicians and dentists could have found employment in 
19^0, in addition to those employed# The question is how soon 
the depressant effect of additional supply on income would act 
to "choke off" the supply of those willing to enter these 
occupations. In 19U9, six times as many persons applied for 
admission to dental schools as could be admitted (91, page 60). 
It seems plausible that "a large number" of those rejected 
would be qualified to become dentists. At current rates of 
remuneration in the dental profession in 19^0, a large number 
of persons were willing to undergo the expenses of training, 
including the opportunity costs. If more persons were ad­
mitted to dental schools, the increased supply of dentists 
would lower the average remuneration of dentists relative to 
other occupations, and at some point reduce the number of 
qualified applicants to dental schools to the number which 
could gain admittance. Stated another way, excess demand in 
dentistry or medicine is the difference between the total num­
ber of persons who would be employed if no artificial imped­
iments to entry other than those necessary to safeguard the 
quality of service rendered were present, and actual employ­
ment. The underlined phrase points out the difficulty of 
measuring job vacancies for dentists or physicians in that it 
introduces a value judgement. If dental schools have six 
applicants for every opening instead of two, there is at least 
133 
a potentiality of turning out a higher quality product. The 
only question is to determine the "acceptable" quality of 
service. 
There is another way to attack the question. In any free 
market, if actual price is above equilibrium price, supply 
should exceed demand unless the demand curve is upward sloping 
or the supply curve is backward bending. In the absence of 
these conditions one may assume that supply is being artifi­
cially restricted (58, page 88). If we measure supply in 
terms of number of physicians rather than hours of physicians' 
services, it seems highly unlikely that the supply curve is 
backward bending. Although the price elasticity of demand for 
physicians* services is low,^® it is positive, indicating that 
we do not have an upward sloping demand curve. Thus, if we 
can show that physicians* incomes are greater than would be 
expected without supply restrictions, and there is no excess 
supply, we may infer a shortage and even approximate the mag­
nitude of this shortage, Friedman and Kuznets (I|.8) attempted 
to do just this in their 1945 study. They compared average 
earnings of physicians and dentists, adjusted for the differ­
ences in training costs between the two professions as well as 
for some nonpecuniary advantages of medicine over dentistry. 
Their conclusion (1^8, page I33) was that there should be about 
three times as many physicians as dentists to remove any 
About 0,2 (77, pages 3k and 1^0). 
i3h 
unwarranted Income difference between the two occupations. 
This is an estimated shortage of about 53,000 physicians in 
1936 (1^8, page 29). Note that this figure was derived by com­
paring physicians to dentists, and we have previously noted 
that dentists may also be artificially restricted in supply in 
19^ 0.^ 9 
At least one source (87, pages I23 and 12^) points to the 
number of unfilled internships as evidence that there is an 
undersupply of physicians. The figures on per cent of intern­
ships filled could lead one to this conclusion. 
Table 3I* Per cent of hospital internships filled and total 
number filled. United States, selected years® 
Tear Internships filled Per cent filled 
19h0 7,#3 92,3 
1941 7,219 86,4 
1944 5,600 66,4 
1942 6,300 73.3 
1948 7,248 79.4 
1949 7,030 74.8 
19^ 0 6,821 67.9 
®Source: Computed from (109, page 2^), 
^^Note that this observation need not represent any dis­
satisfaction with Friedman and Kuznets* study. Conditions may 
have changed between 1936 and 19^0, and some data exists sub­
stantiating the claim that there was no excess demand for 
dentists in 1936 (^ 3, page 86), 
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It may be noted that the percentage of internships filled 
in 1948 - 1950 is considerably lower than was true in the pre­
war years. Further, in 19^9 and 19^0 the absolute number of 
internships filled is lower than the 19^0 and I9ij.l figures. 
This can not be taken as "proof " of a shortage of supply, how­
ever, It is possible that there has been a "true productivity 
increase"^® in the provision of physicians* services of such a 
magnitude that the drop in number of internships filled is 
justified, even given the increase in population. In any 
event, the intern data is not useful for estimating the number 
of physicians who would be employed if there were no medical 
school "bottleneck". 
Yet another technique for estimating shortages of self-
employed professionals, used by W, Lee Hansen (53) is to com­
pare the rates of return which can be expected from investment 
in different types of professional training. This rate of 
return approach makes allowance for the fact that some pro­
fessions, notably physicians, have a longer training period 
and/or require a larger investment during the training period 
than other professions. The following analysis is based pri­
marily upon Hansen*s results, and is used herein to generate 
an estimate of vacancies for both physicians and dentists, 
Hansen*s results are summarized in the following table, Note 
that in 1939 the rate of return to both dentists and 
^®See (50) and discussion on productivity in chapter 
nine. 
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physicians was lower than that for male college graduates as a 
whole. According to Hansen*3 arbitrary cut-off point, the 
difference between physician and male college graduate rates 
of return was not significant, while the difference between 
dentists and male college graduates was significant. 
Table 32. Internal rates of return, selected groups, 1939, 
1949, 19^6® 
Group 1939 1949 1956 
Male College graduates 13.7 11.5 11.6 
Physicians 13.5 13.4 12.8 
Dentists 12.3 13.4 12.0 
®Source: (53, page 86). 
In 1949, both physicians and dentists were in short 
supply. The same was true, but to a lesser extent, in 1956. 
Our interest here is to estimate how many more dentists and 
physicians would be required in 1949 to lower the internal 
rate of return to the level of male college graduates as 
a whole. This could be estimated as follows, TO = 
n P 
Z r+/(1.134)t holds for physicians by Hansen's ccmputa-
t=0 
tions,^! where TCp is total training costs for physicians in­
clusive of opportunity costs and less any earnings from part 
^^•This is probably a naive femulation of Hansen's meth­
od. The article does not state whether costs were also allo­
cated to time periods and discounted. 
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time work during the training period. The year in which the 
earnings stream ceases is denoted t = n, and r^ represents 
earnings for physicians in year t minus earnings for male high 
school graduates in the same year. If we knew TGp, n, and the 
various r. , we could reduce r^ proportionately until we found 
n 
rj such that TC_ = E r*/(l.ll^)^. We could then compute the 
^ P t=0 ^ 
percentage decrease required in the average r^ to equal the 
average r^, and use this to estimate the shortage in the sup­
ply of physicians. Hansen's article (S3) does not include the 
data on r^ or n. He does state (53, page 84) that the return 
streams were modified to account for the mortality experience 
of the cohort. 
We can gain a rough estimate of the decrease required in 
"standardized average earningsto lower the internal rate 
of return on physician and dentist training costs to equal 
that of male college graduates as a whole using the data in 
the following table. It may be noted that training costs and 
standardized average earnings are greater for physicians than 
for dentists, and for dentists than for male college graduates 
as a whole. 
Ï1 p 
What we wish to do is to find r » such that E rj./ 
. .^ t«o •-
(1.134) - r^/(l.ll5)^J e 0. Instead, let us find an average 
r^ and an average t such that ^/( 1.134)^ - r^/(l.ll5)^ = 0. 
^%ansen defines standardized average earnings as '"the 
sum of the age earnings values over the period of working life 
divided by the number of years of working life" (^3, page 88). 
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Table 33» Standardized average earnings and total training 
ccsts, 1949* 
Group St and ardl zed Total 
average training 
earnings costs 
Male hl^ school 
graduates 4,31^ 
Male college graduates 7,470 9,090 
Physicians 13,883 24,310 
Dentists 8,674 17,913 
^Source: (^3, page 87). 
We know r!^ is 13,883 minus 4,315 or 9,^68 for physicians. The 
value of t is not really critical, so I will assume a working 
life of 34 years, and a F of 17. Then r* = 9,^68 (l.llSl^T/ 
^ U 
(1,134)^^, or 7,178 for physicians. Adding back the 4,31^ 
standardized average earnings for male high school graduates 
yields 11,493 as the figure for standardized average earnings 
for physicians which would equate the internal rate of return 
for physicians to that of male college graduates as a whole. 
This represents a 175^ decrease from actual standardized aver­
age earnings for physicians in 1949.^^ 
Computing r^ for dentists yields 4,3^9 (1.112)^7/(1.134)^^ 
or 3,270, Adding in the standardized average earnings for 
male hlg^ school graduates yields 7,^82 as the figure for 
standardized average earnings for dentists required to equate 
^3An estimated F of 20 yields a 19^ decrease. 
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the internal rate of return to 11,^^. This represents a 12% 
decrease from actual standardized average earnings for den­
tists in 19U9. It should be noted that Hansen did not make 
the above computation nor arrive at the above conclusions, 
and he would probably not approve of my manipulations. My 
figures are only a rough approximation of the magnitude in 
question. 
As a conservative estimate, we may assume that total 
earnings for all persons in an occupation would not increase 
if the number of persons in that occupation increased. That 
is, the demand for the services rendered would not increase, 
and the fees charged for services would not increase. It is 
of course possible that the fees would decrease, as the per­
sons in the occupation resorted to price competition to gain 
additional work to counteract falling incomes. Given the 
price inelastic nature of the demand for most health services, 
this seems a remote possibility. Using this assumption, we 
can multiply the 1^6,334 physicians in private practice in 
19^0 (Table 2?) times the 13,883 actual standardized average 
earnings and divide by the 11,^93 estimated standardized aver­
age earnings to derive a total physician figure of l88,8i}4. 
This represents an excess demand of 32,510 physicians in 19^0, 
This is entered in Table 36, This states that excess demand 
for physicians in health service code if. is 20% of actual em­
ployment In 19^0, 
Multiplying the vacancy per average daily census in state 
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mental hospitals figure in Table 30 by the 687,^67 average 
daily census for all nervous and mental hospitals (2^, page 
119) yields estimated excess demand for this category in 195^0 
of 928 physicians. This states that excess demand for physi­
cians in health service code 2 is 31^ of actual employment in 
19^0. The average net income of all physicians in 19^0 was 
$11,538 (78, page 2^1) while the average net income of non-
salaried physicians was $12,32%. It may be inferred that ex­
cess demand for physicians in hospitals would be expected to 
be greater than the same figure for physicians in health 
service code L^, 
In the absence of data on the question, excess demand for 
physicians was assumed to bear the same ratio to employment in 
short-stay and "other" hospitals as was found for these occu­
pations in nervous and mental hospitals in 19^0, These esti­
mates are entered in Table 36. No information was available 
on excess demand for physicians in environmental health. This 
was arbitrarily assumed to be zero. 
Pharmacists 
There Is conflicting information on job vacancies for 
pharmacists in 1950. The Occupation Outlook Handbook (91, 
page 57) notes that the "shortage of trained personnel is ex­
pected to continue during the early fifties". The President's 
Commission on the Health Needs of the Nation (78, page I78), 
on the other hand, notes that "at present, the supply in this 
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field exceeds demand". As a type of compromise, I applied the 
same vacancy-employment ratio fovind for nervous and mental 
hospitals to short -stay and ^other^' hospitals. This is found 
by multiplying the vacancies per average dally census in state 
mental hospitals in Table 30 times the 687,^67 average dally 
census in all nervous and mental hospitals In 19^0 (25, page 
119) to get an estimated 22 vacancies for this category. This 
represents a ratio of excess demand to employment of 1%#. No 
vacancies were estimated for pharmacists in "other health" 
services, which is composed primarily of retail pharmacies. 
This amounts to estimating a token number of vacancies for 
pharmacists. 
Chiropractors 
Chiropractors in 19^0 were still suffering from a lack of 
public acceptability. Chiropractic was not even legalized in 
four states, including New York (91, page 69). Average net 
Income for the first year of practice was $2,100 for chiro­
practors in 1949, while even dental hygienists had starting 
salaries above this (91, pages 69 and 74). This is despite 
the fact that chiropractors needed four years of education 
beyond secondary school, and dental hygienists only two years, 
Althou^ employment opportunities for chiropractors were ex­
pected to Increase in the 195b to I960 decade (91, page 69), 
it was estimated herein that no excess demand existed in 1950# 
It should be noted that the earnings figures may not be very 
1^ 2 
meaningful, as self-employed persons often experience abnor­
mally low earnings for the first few years of practice. 
Dieticians and nutritionists 
Vacancies for dieticians in all three classes of hospital 
service were estimated at of employment in 1950 (Table 
29). The figure on vacancies per average dally census for 
dieticians in state mental hospitals (Table 30) yields the 
result that there was one job vacancy for every 3,1 dieticians 
and nutritionists employed in state mental hospitals in 19^0, 
Dividing the estimated 1,688 dieticians and nutritionists em­
ployed in nervous and mental hospitals in 1950 by 3.1 produces 
estimated vacancies of This is very close to the figure 
of 5^9 computed from the data for all hospitals, as an average. 
No job vacancies were estimated for dieticians and nutrition­
ists employed in the "other health" field in 1950. Most of 
the persons in this category were employed by public and pri­
vate school systems, college residence halls, and the federal 
government. Some also worked in hotels, restaurants, and 
industrial cafeterias (91, page 66), The median annual salary 
of members of the American Dietetic Association working in 
hospitals was $2,820 in 1949, while those in industrial food 
service averaged $3,800, those in college food service aver­
aged $3,000, and salaries for those employed by the federal 
government ranged from $3,100 to $7,^00 (91, page 66), Thus, 
if all dieticians and nutritionists are of equal capability. 
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ere income maximizers, and are perfectly mobile we might ex­
pect few vacancies in the "other health" field. Of course all 
of these requirements are not met, and the "other health" 
category probably contains a number of low-paid jobs which are 
not filled. Nevertheless, it appears reasonable to assume 
that the percentage of vacancies relative to employment for 
dieticians and nutritionists in the "other health" field is 
lower than that in hospitals. In the absence of data to esti­
mate the actual magnitude, vacancies in this category were 
assumed to be zero. 
Medical laboratory technicians and technologists 
Job vacancies in all three classes of hospitals were 
assumed to be 1^% of actual employment in the category, using 
the figure dn Table 29. Excess demand for technicians and 
technologists in physicians* offices was arbitrarily assumed 
to be 1^.0^, the same figure as was used for hospitals. This 
is actually a conservative estimate, because salaries for 
medical laboratory technicians employed in physicians* offices 
were lower than salaries paid to those employed in hospital 
laboratories (91, page 62). 
X-ray technicians 
Job vacancies in all three classes of hospital service 
were assumed to be 16.of employment in the category (Table 
29), Most of the x-ray technicians assigned to "other health" 
services in Table 27 were employed by dentists, physicians, or 
m  
laboratories serving these professions. In the absence of 
data regarding relative wage rates between hospital and non-
hospital employers, the figure on vacancies per techni­
cian employed in hospitals was also used for those employed in 
"other health^' services. 
Opticians, lens grinders, and polishers 
The 19^0 Occupational Outlook Handbook (91, pages and 
2^1), states that the occupation group of opticians, lens 
grinders, and polishers is not suffering from any shortage of 
supply. Thus no budgeted vacancies were estimated for this 
group, 
Optometrists 
The 195^0 Occupational Outlook Handbook (91) notes that 
employment opportunities for optometrists should be good in 
the early 19^0*s, because of a need to '"make up for the cur­
tailment of training during World War II" (91, page 65). How­
ever, the optometrist-population ratio was 13.0 optometrists 
per 100,000 population in 195^0, as compared to the 19^0 figure 
of 12,6, This ratio was only 11,9 in 19^8 (78, page 217). 
Data on graduates from schools of optometry is also relevant, 
All of this data tends to indicate that shortages due to war­
time curtailment of training were substantially made up by 
19^0, Hence, no excess demand for optometrists was estimated,. 
142 
Table 34* Graduates from schools of optometry, selected 
years* 
Year Graduates 
1940 320 
1941 400 
1942 100 
1943 100 
1944 120 
1942 290 
1946 294 
1947 228 
1948 1,426 
1949 1,934 
1920 1,272 
*8ource: (78, page 218). 
Psychologists, clinical and other health 
Excess demand for psychologists employed in nervous and 
mental hospitals is estimated by multiplying the ratio of 
vacancies per average daily census in state mental hospitals 
(Table 30) times the average daily census in nervous and men­
tal hospitals of 687,^67 in 19^0 (2^, page 119). This works 
out to an excess demand of 103 psychologists in this category 
of service. 
Evidence tends to indicate a large shortage of clinical 
psychologists in 1950, The Veterans* Administration alone had 
openings for 600 clinical psychologists in mid 19^0, and it 
was expected that demand would grow in the 19^0-1960 decade 
(91, pages 109-110). Our category of "psychologists, clinical 
lij.6 
and other health" included a total of 3,000 persons in 195b 
(Table 19). This is composed of about one-half, or 1,^00, 
clinical psychologists and one-half "other health" (78, page 
209), The shortage is most critical in the clinical psycholo­
gist half (91, page 109). The Veterans* Administration em­
ployed about 300 clinical psychologists in 19^0, and wished to 
employ 900 in that year and 1,5^00 by I960 (91, page 110). It 
appears that, as a conservative estimate, we could assume that 
half of the 2,5*10 psychologists assigned to health service 
code 7, "other health" services, in 19^0 (Table 27) are clini­
cal psychologists, and that job vacancies for this category 
are twice the number employed. There are probably also a 
large number of vacancies for "other health psychologists", 
but in the absence of data, I will assume zero vacancies for 
this group. This yields 3,765 estimated vacancies for psy­
chologists in health service code 7» This is entered in Table 
36. 
Occupational therapists 
All occupational therapists were assigned to only two 
health service codes in Table 27. These are nervous and men­
tal and "other" hospitals. Excess demand was estimated as 
62.5% of employment for both of these categories (Table 29), 
Physical therapists 
Excess demand for physical therapists employed in both 
short-stay and nervous and mental hospitals was estimated at 
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37,2^ of actual 19^0 employment (Table 29), No change was 
forecasc in the technical coefficient for those employed in 
^'other health" services in deriving the demand coefficient. 
Those physical therapists not employed in hospitals work for 
orthopedic surgeons, physiatrists, or in public health (91, 
page 75^)» There is some evidence that wage rates are higher 
in non-hospital than in hospital employment for this occupa­
tion (91, pages 75^ and 76), Thus, assuming mobility and ab­
stracting from non-monetary considerations in job choice, we 
migiht expect the job vacancy-employment ratio to be larger in 
hospital than in non-hospital employment. 
Dentists 
Excess demand for dentists in mental hospitals is derived 
by multiplying the ratio of vacancies to average daily census 
in state mental hospitals times the average daily census in 
nervous and mental hospitals in 19^0 (2^, page 119 and Table 
30), We previously estimated that standardized average earn­
ings for dentists would have to decrease from the actual 
$8,674 to $7,^#^ to remove any excess demand for dentists em­
ployed in private practice,Multiplying the 76,86^ dentists 
in private practice in 19^0 (Table 27) by $8,674 &nd dividing 
by $7,585 yields an estimated demand for dentists of 87,900, 
or an excess demand of 11,035, This is entered in Table 36 
under health service code 5» Thus, excess demand for dentists 
^^See section on physicians. 
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in health service code 5 is estimated to be approximately 1^.% 
of actual employment in that category in 195b. The similar 
figure for nervous and mental hospitals was 2^%, It is re­
ported (78, page 2^3) that average net income for all dentists 
in 19^0 was $7,293, while average net income for nonsalaried 
dentists was $7,436. Thus it may be inferred that salaried 
dentists earn less than nonsalaried dentists, and it might be 
expected that excess demand for dentists in hospitals would be 
greater than that for dentists in private practice. In the 
absence of data on the question, excess demand for dentists 
was assumed to bear the same ratio to employment in short-stay 
and *'other" hospitals as was found for this occupation in 
nervous and mental hospitals in 19^0. These estimates are 
entered in Table 36. Wo information is available on excess 
demand for dentists in environmental health. This was arbi­
trarily assumed to be zero. 
Dental office assistants 
Since the qualifications for dental office assistants are 
not stringent, and dentists customarily train their own as­
sistants (84, page 704), no excess demand was estimated for 
this group. At any point in time there is probably some num­
ber of job vacancies in this occupation due to frictional 
causes, i.e. turnover, but no real shortage should exist. Job 
vacancies due to frictional causes are ignored for most occu­
pations in this analysis, except when they are included in the 
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vacancy data in the original source. 
Dental hygienists 
The 195iO Occupational Outlook Handbook (91) notes that 
the output of trained dental hygienists was about per year 
in 195^0, and "more than twice this number could be used annu­
ally" (91, page 74). As a very conservative figure, we could 
estimate 4^0 job vacancies for dental hygienists in 195b. The 
Handbook also notes on the same page that "most" of these 
openings are in public health and institutional work, while 
the number of openings in dentists* offices is difficult to 
estimate because hygienists and office assistants are to a 
great extent substitut able. In this analysis, no vacancies 
were estimated for hygienists employed in dentists' offices, 
while 4^0 were estimated for "other health" services. 
Dental laboratory technicians 
No excess demand was estimated for dental technicians, 
because various sources (6, page 29^ and 91, pages 236 and 
237) indicated that this was a labor surplus occupation in 
19^0, and could be expected to remain so at least throughout 
the early 19^0*3, 
Professional nurses 
Excess demand for professional nurses employed in nervous 
and mental hospitals is estimated by multiplying the ratio of 
vacancies to average daily census in state mental hospitals 
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(Table 30) times the average daily census in nervous and men­
tal hospitals in 1950 of 687,56? (25, page 119). This yields 
a ratio of excess demand to actual employment for this cate­
gory of about 20#. 
It is estimated that about Ij.09,700 professional nurses 
were needed "to meet ordinary needs" in 1950 (91, page 54). 
This is about 34,700 more than were actually employed in that 
year. Using this figure, excess demand would have been about 
9^ of actual employment, It is difficult to estimate excess 
demand for professional nurses because of the large reservoir 
of inactive, trained personnel. The American Nurses' Associa­
tion estimated a total of 501,744 registered nurses in 1949, 
of which 204,243 were inactive (25, page 76). One would ex­
pect that if excess demand were large, salaries would rise, 
inducing inactive nurses to come into the labor market. Many 
of the inactive nurses have withdrawn from the labor market in 
order to marry and raise families. The per cent active to 
total nurses is 59^, while only 41,3^ of married nurses are 
active, and only 32^ of those with dependents under I8 years 
of age are active (25, pages 76 and 77). Possibly, many, even 
most of the inactives could not be induced to enter the labor 
market by small changes in wages. Yet, with a reservoir of 
inactives amounting to 4I# of all trained personnel, wage in­
creases should elicit some supply response. Another possi­
bility is that wage rates are not responsive to changes in 
excess demand. This could be true if the labor market for 
1^1 
nurses were highly institutionalized. This does not appear to 
be the case. Thus, it seems plausible that the excess demand 
for registered nurses is not very great. The estimate of ex­
cess demand as 9^ of total employment may be reasonable, de­
spite estimates which "put the shortage of professional nurses 
at a minimum of 5^0,000" (78, page 187). These estimates are 
based upon some concept of "need", not on the economic concept 
of excess demand. Excess demand is herein estimated for pro­
fessional nurses as 9^ of actual employment in the various 
health service categories in 19^0, excluding nervous and men­
tal hospitals, which was previously estimated by another 
means. The effect of this is to give a reasonable estimate of 
total excess demand for professional nurses, but the indi­
vidual service code estimates are not very reliable. To the 
extent that increases in the utilization of the various serv­
ices occur at different rates during the forecast period, 
this can introduce error into the forecast of demand. If em­
ployment is supply determined, the forecast of employment will 
be unaffected. 
Practical nurses 
Excess demand for practical nurses was estimated at 38^ 
of actual employment for all three classes of hospital service 
(Table 29), Most of the practical nurses employed in a 
^^See Table 1^3 for rates of increase in the utilization 
of the categories of health services considered in this anal­
ysis from 19^ 0 to I960. 
1^2 
non-hospital capacity worked as visiting nurses or in home 
nursing (91, page 1^2), There is no evidence available re­
garding salary differentials between hospital and non-hospital 
employment in 19^0. Even if such evidence did exist, mobility 
among practical nurses is probably low. The average age of 
students entering practical nurse training in 19^0 was 32 
years. Seventy-five per cent of these trainees were married 
and most had children (78, page I7I). These factors lead one 
to believe considerations other than salary, such as hours of 
work or geographical location may be most important in job 
choice. Yet there is no reason to believe that the job 
vacancy-employment ratio for practical nurses should be any 
different in "other health" services than it is in hospitals. 
In the absence of data on this, the 38^ figure on vacancies 
per person employed in hospitals was also used for practical 
nurses in "other health" services. 
Aides, orderlies, and attendants 
There is some difficulty in estimating excess demand for 
aides, orderlies, and attendants because so many sources 
aggregate attendants and practical nurses into a single group­
ing. There was a growing tendency toward merging the two 
groups in 19^0, so that training requirements and licensing 
Would be the same (91, page 1^2). The breakdown of 195^0 em­
ployment in this occupation group into three subcomponents 
is shown in Table 26. It may be noted that 96.6^ of all 
153 
aides, orderlies, and attendants in nervous and mental hos­
pitals were classified as attendants, while the analogous per­
centage for short-stay hospitals was 35.8^. To the extent 
that excess demand for orderlies differs from attendants, for 
example, excess demand as a percentage of employment will vary 
between the three classes of hospital service. 
The American Psychiatric Association set an immediate 
goal of an attendant-patient ratio of 1 to 6 or 1 to 8 in men­
tal hospitals (75, page 312), depending upon the type of 
patient. Using the lower ratio and the average daily census 
in nervous and mental hospitals of 687,56? in 1950 (25, page 
119), there should have been 85,9^6 attendants employed. Only 
79,208 were employed (Table 26), so the shortage was 6,738 
attendants, or 8.5^ of employment, Note that we are here dis­
cussing something akin to "need", not necessarily excess de­
mand, Actual budgeted vacancies for "other nurses and attend­
ants" in 195o in state hospitals, county and city hospitals 
for mental disease, and psychopathic hospitals were only 5.8^  
of employment in that category (119, page 200). This percent­
age was applied to the entire 82,000 aides, orderlies, and 
attendants employed in nervous and mental hospitals to obtain 
an estimate of excess demand for this category of 4,756. This 
may safely be termed a conservative estimate of excess demand. 
For short-stay and "other" hospitals, the ratio of excess de­
mand for attendants to actual employment for the group was 
taken to be the same as for practical nurses in all hospitals 
(Table 29). This was done on the rationalization that the 
duties performed by attendants and practical nurses are very 
similar. Orderlies are relatively unskilled, and employment 
should not be strictly supply determined, i.e. excess demand 
Would be expected to be small. Most nurses aides are volun­
teers, and the concept of excess demand for a resource fur­
nished as a "gift" is not very meaningful. Multiplying the 
44,817 attendants employed in short-stay hospitals in 195^ 0 
(Table 2?) by the 38^ figure (Table 29) yields an estimated 
excess demand of 17,030. Multiplying the 7,737 attendants 
employed in "other" hospitals by the same percentage yields an 
estimated excess demand of 2,940, These figures are entered 
in Table 36. 
Sanitary engineers 
State and local health departments reported 16i(. vacancies 
for sanitary engineers in 19^1, compared with 9^6 sanitary 
engineers employed (77, page 190), This works out to 17^ . It 
is difficult to get data on sanitary engineers, because most 
sources aggregate all civil engineers into one category (91). 
These sources indicate that there was a substantial excess de­
mand for engineers, but that excess demand was low for civil 
engineers relative to other types. This does not tell us 
about excess demand for sanitary engineers relative to all 
civil engineers. As noted by the President*8 Commission on 
the Health Needs of the Nation (77, page 190), the 161| 
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vacancies for sanitary engineers understates the real need. 
The Local Health Units Bill alone would require an estimated 
560 additional sanitary engineers. This again is talking 
about "need", which may usually be assumed to be greater than 
excess demand plus employment. As a conservative estimate, 
the 17^ figure is used as an estimate of excess demand herein. 
This yields an excess demand of 1,020 sanitary engineers, 
S anit ari ans 
The ratio of budgeted vacancies to persons employed as 
sanitarians in state and local health departments was 310 to 
5,279, or 5.9^ (77, page 190). These figures should be com­
parable with the estimate of 5,000 persons employed in the 
profession in 1950, as they are derived from similar surveys 
(77, page 190 and 2^, pages 58 and 298). There is some ques­
tion of where the 279 additional employees hired between 1950 
and 1951 came from, as only 59 graduates in sanitation were 
recorded in 1950 (78, page 221), I ascribed the difference in 
data to inconsistencies in survey techniques or in response to 
the survey, and assumed excess demand to be 5.9^ of employment 
in 1950, or 295 sanitarians. This is entered in Table 36. 
Analysis of excess demand estimates 
We may then derive a matrix of manpower demands, by 
adding the entries in Table 27 and Table 36. This is shown in 
Table 37. Dividing each entry in each column by the respec­
tive figures for utilization of services yields the 1950 
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matrix of demand coefficients, . This is shown in Table 
38. Figure 2 gives a demonstration of the equality = 
Y'35' 
The elements of A q^  now show the estimated number of 
personnel per unit of service rendered for each occupation-
service code category which the health industry desired to 
employ in 19^0, if sufficient trained personnel were avail­
able. 
.1431 
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.1607 
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Table 3^, Excess demand as a percentage of employment, cross-classified by 
occupation and health service category, 19^ 0^  
Occupation 
code 1 2 3 
Service 
4 
code 
2 6 7 Tot al 
1 31.0 31.5 31.8 20.8 0.0 21.6 
2 14.0 14.0 14.0 - - - 0.0 0.2 
3 - - - - - - 0.0 0.0 
4 32.5 32.2 32.2 - - - 0.0 18.2 
12.0 1^ .1 12.0 12.0 - - - 12.0 
6 16.4 16,4 16.4 - - - 16.4 16.4 
7 - - - - - - 0.0 0.0 
8 - - - - - - 0.0 0.0 
9 - 21.0 - - - - 120.0 128.9 
10 - 62.5 62.2 - - - - 62.2 
11 37.2 37.1 - - - - 0.0 30.7 
12 24.9 25.1 22.0 - 14.4 0.0 - 14.4 
13 - - - - 0.0 - - 0.0 
14 - - - - 0.0 - 13.2 6.4 
15 - - - - 0.0 - 0.0 0.0 
16 9.0 20.1 9.0 9.0 - 9.0 9.0 9.3 
17 38.0 38.0 38.0 - - - 38.0 38.0 
18 13.6 2.8 21.0 - - - - 11.2 
19 - - - - - 17.0 - 17.0 
20 2.9 2.9 
^Source; Computed from Table 27 and Table 36. 
Table 36. Excess demand in 19^0 cross-classified by occupation and health 
service category 
Occupation Service code 
code 1  2  3 k  ^  6 7  Total 
1 ,^662 928 1,28^  32,510 - i+0,385 
2 36^  34 83 *" - - - Ij.82 
4 2,707 5U9 7^ 2 - - 4,008 
5 3,% 70 m 7^3 - U,501 
6 1,990 76 60 - - 2,926 5,0^2 
9 - 103 - - - - 3,765^  3,868 
10 - 1,277 161 - - 1,438 
11 1,228 185 - - - - 1,413 
12 220 89 51 - 11,035 - - 11,395 
14 - - - - - - 450 450 
16 16,631 2,262 841 3,240 - 2,190 9,835 34,999 
17 23,045 9,114 4,891 - - - 15,010 52,060 
18 17,030 4,756 2,940 - 24,726 
19 - - - - - 1,020 - 1,020 
20 — — — — — 295 — 295 
Table 37» Total demand in 19^0 cross-classified by occupation and health 
service category 
Occupation Service code 
code 123 Lj. ^ 6 7 Total 
1 23,925 3,876 5,1^ 30 188,81^ 1. - 5,110 - 227,185 
2 2,969 276 674 - - - 97,663 101,582 
3 - - - - - - 20,000 20,000 
4 11,036 2,237 3,065 - 9,670 26,008 
5 26,862 534 1,331 5,874 - 34,501 
6 14,122 540 425 - - - 20,765 35,852 
7 - - - - - - 19,200 19,200 
8 - - - _ _ _ 17,800 17,800 
9 ~ 593 *• - - - 6,275 6,868 
10 - 3,320 4^8 - - - - 3,738 
11 4,528 683 - 802 6,013 
12 1,101 444 255 - 87,881 631 - 90;312 
13 - - - - 55,200 - - 55,200 
14 - - - - 3,600 - 3,85o 7,450 
15 3,300 - 17,700 21,000 
16 201,415 13,525 10,183 39,240 - 26,520 119,116 409,999 
17 83,690 33,099 17,761 - - - 54,510 189,060 
18 142,030 86,756 16,940 - - - - 245,726 
19 - - - - - 7,020 - 7,020 
20 - - - - 5,295 - 5,295 
Table 38, Demand coefficients for 1950 
Occupation 
code 1 2 3 
Service codes 
4 5 6 7 
1 .1431 .0153 .1434 .2848 .0339 
2 .0178 .0011 .0178 - - - .6481 
3 — - - - .1327 
4 ,0660 .0088 .0810 - - - .0642 
5 .1607 .0021 .0352 .0089 - - -
6 .0845 .0021 .0112 - - - .1378 
7 - - - - - - .1274 
8 - - - - - - .1181 
9 - .0023 — - - - ,0416 
10 - .0131 .0110 - - - -
11 .0271 .0027 - - — - .0053 
12 .0066 .0017 .0067 - .4508 .0042 -
13 - - - - .2832 - -
14 - - - - .0185 - .0255 
15 - - - - .0169 - .1175 
16 1.2049 .0532 .2690 .0592 - .1760 .7904 
17 .5b07 .1304 .4691 - - - .3617 
18 .8497 .3417 .4474 - - — -
19 - - - - - ,0466 -
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CHAPTEH VIII. ESTIMATION OF TARGET YEAR SERVICE 
UTILIZATION IN TESTING PROCESS 
Since 195"^, the American Medical Association has not pub­
lished annual data on hospitals. Thus, in this analysis the 
i960 figures on utilization of hospitals are based upon the 
American Hospital Association annual survey (7, pages I|.llj.-i|.l5), 
The American Hospital Association data was adjusted to comply 
with the American Medical Association definitions, which were 
used herein to generate the 195'0 estimate of hospital utiliza­
tion, Information on the differences between the two report­
ing systems is contained in Bachman (2^, page II7). The 
American Hospital Association data for I960 is shown in Table 
39. Approximately of the average daily census in fed­
eral hospitals in in short-stay hospitals, I;2,9^ is in nervous 
and mental hospitals, and the remaining 6,i|^ is in "other" 
hospitals (20, page 111). 
Table 39. Hospital average daily census in i960, by type^ 
Type of hospital Average daily census. 
in thousands 
Short term non-federal 
Non-federal psychiatric 
Non-federal long term 
All federal 
Total 
478 
673 
154 
1,402 
^Source : (7, pages I|.llj.-li.l^). 
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Allocating the average daily census in federal hospitals 
according to these percentages yields average daily census 
figures for the three classes of hospital services considered 
in this study of 557.1 for short-stay hospitals, 738.0 for 
nervous and mental hospitals, and 106,9 for "other" hospitals, 
all expressed in thousands. Multiplying each of these by 
355.25" yields the estimates of total patient days of service 
rendered by each of the three classes of hospitals shown in 
Table Ij,3. 
We can derive another estimate of the average daily cen­
sus in nervous and mental hospitals using data from the Public 
Health Service, 
The Public Health Service data yields an estimated average 
daily census of 735,270, while the American Hospital Associa­
tion data yielded an estimated average daily census of 738,000, 
The latter figure is used in this analysis, because it is de­
rived from a source which is more consistent with the source 
of the estimated 1950 average daily census than would be true 
of the Public Health Service data. Yet the secondary estimate 
indicates that the 738,000 figure is at least reasonable. 
Data is not available on total physician visits in i960, 
but the Public Health Service has published data on the July, 
1958 through June, 1959 period (129) and the July, 1963 
through June, 1961). period (128), The data on visits per per­
son per year for these two periods are shown in Table 1|1, 
categorized by age and sex. 
I6i| 
Table L).0. Average daily census in mental institutions. United 
States, 1960^  
Type of institution Persons 
Public institutions for the mentally retarded 163,282 
Public prolonged-care mental hospitals 5'37,278 
Psychopathic hospitals l,2à7 
Private hospitals for the mentally ill 20,lo2° 
Private institutions for the mentally retarded 13,281® 
Total 73^,270 
^Source: (123, pages 1-^7, 11-74, 11-76, III-34, and 
IV-38). 
^{123, page 111-34) gives a figure of lij.,4^0 with 194 of 
272 hospitals reporting. The figure above is estimated by 
assuming the average daily census per hospital was the same 
for reporting and non-reporting hospitals, 
C(123, page IV-38) gives a figure of 7,773 with II4 of 
195" institutions reporting. The figure above is estimated by 
assuming the average daily census per instition was the same 
for reporting and non-reporting institutions. 
The i960 estimate of visits per person per year was de­
rived by subtracting the 19^ 8-195^ 9 figures from the I963-I964 
figures, multiplying by ,3, and adding to the 195*8-19^9 fig­
ure. The midpoint of the July, 195*8 - June, 195*9 period is 
five years from the midpoint of the July, 1963 - June, 1964 
period, and one and one-half years from mid I96O, One and 
one-half is 30^ of five. I am thus assuming linearity with 
respect to time in the visits per person figure, over the 
period considered. The i960 estimated visits per person per 
year were then multiplied times the total population in each 
16^  
Table l\.l. Physician visits per person per year, July, 195^8 -
June, 195^ 9, July, 1963 - June, 196Ij., estimated i960 
and total visits, I960® 
Age and sex Visits per person per year Population Total 
category July, 19^8- July, 1963- I960 I960 visits 
June, 19^9 June, 1961). I960 
10,329,729 63,218 
18,028,657 59,8^ 5 
11,906,001 35,432 
11,179,299 35,327 
11,755,393 43,260 
10,092,754 39,967 
7,536,564 39,793 
7,503,097 4^ ,544 
9,991,172 55,051 
17,436,615 54,402 
12,114,003 60,449 
11,639,011 70,649 
12,325,959 66,190 
10,392,685 56,432 
8,035,753 47,250 
9,056,483 65,207 
4.68 179,323,175 839,026 
Male 
Less than 5 6.3 5.7 , 6.12 
5 - 1 4  3.5 2.9 3.32 
15 - 2k 3.0 3.2 3.06 
25 - 34 3.1 3.3 3.16 
35 - 44 3.8 3.4 3.68 
- 54 3.9 4.1 3.96 
55 - 64 .^4 5.0 5.28 
65 and over 6.1 6.0 6.07 
Female 
Less than 5 5.6 5.3 5.51 
5 - 1 4  3.3 2.7 3.12 
15 - 24 4.9 5.2 4.99 
25 - 34 6.1 6.0 6.07 
35 - 44 5.4 5.37 
45 - 54 5.4 5.5 5.43 
55 - 64 6,0 5.6 5.88 
65 and over 7.2 7.2 7.20 
Tot al 4.7 4.5 
^Source; Column 1 (129, page 12), Column 2 (128, page 
19). Column 4 (92, page I46). 
^Expressed in thousands. 
age and sex category to derive an estimate of total physicians 
visits. 
Some excellent data is available on the volume of dental 
visits in the July, 1950 to June, 1964 period, and again for 
the July, 1963 through June, I964 period (105, and 127), No 
reliable data is available on the volume of dental visits for 
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the calendar year i960, but this can be estimated with reason­
able precision from the above data. Visits per person per 
year for various age and sex categories are given in Table l\2. 
The estimated i960 visits per person were derived by taking 
the difference between the 1963-1961). figures and the 195^7-195^9 
figures, multiplying by ,3611 and adding to the figure in the 
earlier period. There is a total of five and one-half years 
between the midpoint of the earlier period and mid 19^0, Two 
is 36,of five and one-half. These visits per person esti­
mates were then multiplied by the population figures for each 
age and sex category in I960, and summed to derive an estimate 
of total visits. 
The final results of the process of estimation of the 
I960 utilization of health services are shown in Table 1|.3. 
Utilization for service codes 6 and 7 is based upon total 
population in I960, derived from the census (92, page I46). 
The percentage change in the utilization of services by cate­
gory between 195^0 and I96O, expressed as an annual rate, is 
also indicated. The largest percentage increase was in the 
utilization of dental services, with the utilization of short-
stay hospitals and physicians* services outside hospitals also 
increasing more rapidly than population. 
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Table I|2. Dental visits per person per year July, 195^7 -
June, 19^9, July, 1963 - June, 196i|, estimated 
i960, and total visits 1960^  
Age and sex Visits per person per year 
category July, 19^7- July, 1963- I960 Population Visits 
June, 19^ 9 June, 196L|. i960 i960 
Male 
Less than 5" 0.2 0,3 
 ^- 14 1.6 1.8 
15 - 24 1.8 1.8 
25 - kh 1.^  1.6 
4^  - 64 1.3 1.^  
65" and over 0.8 0.8 
Female 
Less than 5" 0.3 0.4 
 ^- Ih 2.0 2.0 
15 - 24 2.6 2.2 
25 - hh 2.0 2.1 
I|.5 - 64 1.7 1.8 
65 and over 0.8 0.8 
Total 1.5 1.6 
0.236 10,329,729 2,438 
1.673 18,028,657 30,162 
1.800 11,906,001 21,431 
1.536 22,934,692 35,228 
1.373 17,629,318 24,205 
0.800 7,503,097 6,002 
0.336 9,991,172 3,357 
2.000 17,436,615 34,873 
2.454 12,114,003 29,728 
2.036 23,964,970 48,793 
1.736 18,428,438 31,992 
0.800 9,056,483 7,245 
1.536 179,323,175 275,454 
^Source; Column 1 (105, page 15). Column 2 (127, page 
19), Column 4 (92, page I46). 
^Expressed in thousands. 
168 
Table ij.3. Estimated utilization of health services by 
category. United States, I960 
Service 
code 
Service title Utiliza­
tion (in 
thousands) 
Units Per cent 
change 19^0-
1960, annual 
rate 
1 Short-stay hospitals 203,481 Patient- 2 .17 
days 
2 Nervous and ment al Patient -
hospit als 269,^^^ days 0 .62 
3 "other" hospitals 39,04^ Patient - 0 .31 
days 
k Physicians' services 
.65 outside hospitals 839,026 Visits 2 
Dental services 275,4511 Visit s h .13 
6 Environmental health 179,323 Persons 1 .90 
7 "other health" 
services 179,323 Persons 1 .90 
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CHAPTER IX. FORECASTING TECHNICAL COEFFICIENTS 
IN TESTING PROCESS 
If we were to derive an actual A matrix for I960 on the 
basis of information known in 1967, we would have less zero 
entries than we did in the A q^ matrix. Since this is a test­
ing process, not a true simulation attempt, all of the entries 
which were zero in the 1950 A matrix will also be forecast to 
be zero in the A^^ matrix. This is done on the assumption 
that a forecaster operating on the basis of 1950 data could 
not have foreseen any change in the zero coefficients. 
It is often possible to adjust a matrix of technical co­
efficients by using diagonal matrices to account for produc­
tivity changes which are assumed to be occupation wide (26). 
This procedure will not be followed herein, because most of 
the changes in the technical coefficients which can be fore­
seen will not apply in all service categories, or at least 
their effect will not be proportional in all categories. Each 
coefficient is considered individually, but for organizational 
simplicity this section of the analysis is divided into sub­
headings by occupation. Technical coefficients for I960 may 
be assumed to be the same as for 1950 for any given occupation-
service code either because no change was foreseen or because 
no information was available regarding probable changes. Un­
less otherwise noted, the latter condition may be presumed to 
exi st. 
170 
One methodological note Is in order here. In numerous 
instances In this section, changes in the technical coeffi­
cients are estimated on the basis of a five year time series, 
1946 - 1950, The percentage change is estimated by deriving a 
regression equation of some ratio on time, using this equation 
to forecast the I960 x^atio, and then computing the percentage 
change. The criterion for acceptance of this method was to 
use only those regression equations resulting In a simple 
correlation coefficient greater than .805". This is the five 
per cent significance value for the simple correlation coeffi­
cient using five observations (37, page 468), Testing the 
correlation coefficient with a t test is equivalent to testing 
whether the slope coefficient is significantly different from 
zero in the case of simple linear regression, I realize that 
the reliability of an estimate ten years into the future based 
upon a time series of five years is highly tenuous. In those 
cases 'v^ere this method of estimation was used, no alternative 
method short of "picking figures out of the air" was available, 
Patlent-personnel ratios for most occupations were artifi­
cially high during the war years, 19^1-1 to 19i|5, and little data 
is available for years prior to 19^1. In those cases where 
pre-war data is available, it Is not comparable with post-war 
data because of differences in reporting methods. 
Two different forms of regression equations are used. 
The first of these is straightforward linear regression of 
some coefficient, or proxy therefor, on time. Using Y to 
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denote the dependent variable, the form of the equation is 
Y = b^ + bgt, where b^ and bg are the parameters to be deter­
mined, Computing dY/dt yields bg, a constant. That is, the 
use of this type of equation assumes that the absolute change 
in the dependent variable is constant over changes in the dis­
crete time variable of one unit. 
For some occupation-service categories, it was felt that 
changes in 1946 to 1947 and/or 1947 to 1948 were caused by a 
readjustment due to the wartime shortage of personnel. It 
might be hypothesized for these occupation-service categories 
that the dependent variable would not be increasing at a 
constant rate, but at a decreasing rate. For these cate­
gories, a regression equation of the form t = b^b^ was used. 
Written another way, y = -log b^/log bg + (l/log bg)(log t). 
Since b|^  and bg are constants, we can define b^  = -log b^ / 
log bg and b^ = l/log bg, and rewrite the regression equation 
in the form actually used as y = b^  + b^ log t. Here dy/dt = 
bg/t, That is, the rate of increase of y over time is de­
creasing as time increases. 
The choice of which functional form to use depends upon 
economic, not statistical considerations. Those occupation-
service categories which exhibited tendencies of more rapid 
increases in the technical coefficient, or proxy therefore, in 
the 1946 - 1948 period than in the 1948 - 19^0 period were 
forecast using the semilog transformation on the time variable. 
Others were forecast using the linear function of time. In 
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one case where the absolute increase in the dependent variable 
was over twice as large for the 19Ij.8 - 19^0 period as it was 
for the 1946 - 1914.8 period, a third type of function was used. 
This will be discussed below in the section on occupational 
therapists « 
The fact that most of my forecasts are based upon "poor" 
data should not "be taken as an indication that my model is not 
operational because of data limitations. If a forecast were 
being prepared for 1970, for example, on the basis of I960 
data, most of the magnitudes I am herein estimating from a 
five year time series could be estimated on the basis of a 
fifteen year time series. 
It turns out that figures on the average daily census in 
state hospitals for mental disease and psychopathic hospitals 
are useful for estimating changes in several different techni­
cal coefficients. Thus, the data in the following table is 
presented for future reference. The data on personnel for 
these two types of hospitals are aggregated in the original 
source, hence the aggregation in average daily census figures 
is carried out. 
Data on the average daily census of hospitals classified 
according to our health service codes for the period 19^ 6 -
19^0 will also be useful in future computations. These are 
presented in Table along with average daily census figures 
for general and tuberculosis hospitals. 
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Table Average daily census in state hospitals for mental 
disease and psychopathic hospitals, 19^6 - 19^0^ 
Year Average daily resident population 
State hospitals for Psychopathic Total 
mental disease hospitals 
1946 #4,78^  821 445,606 
1947 4^ 0,559 1,421 451,980 
1948 463,496 1,620 456,116 
1949 475,540 1,454 476,994 
1950 483,981 922 484,903 
^Sources: (121, pages 68 and 35) (119, pages 222 and 223) 
(122, pages 37 and 65) (120, page 34) (94, page 119). 
Table 45. Average daily census in hospitals by type of 
hospital. United States, 1946-1950^  
Year Average daily census 
Short-stay Nervous and "Other" General Tuberculosis 
hospitals mental hospitals hospitals hospitals 
hospitals 
1946 517,058 635,769 86,627 496,527 61,931 
1947 477,605 651,578 66,046 456,761 62,575 
1948 458,428 664,399 94,327 437,590 66,484 
1949 449,347 675,096 100,5o8 429,443 69,476 
1950 452,677 687,567 102,533 433,364 72,370 
^Sources: (20, page 110) (19, page 24) (23, page 1066) 
(21, page 26) (18, page I386). 
Physicians 
Physician-patient ratios in state mental hospitals have 
exhibited a sharp increase since the end of World War II 
m 
(Table ij.6) . The war years (19^1-1-1945^) are affect ed by the 
wartime shortage of physicians, and are a poor basis for fore­
casting, Prewar data is not available, so the trend in the 
physician-patient ratio will be forecast by regressing that 
variable for the five year period 191^.6 through 195^0 on the 
independent variable time. Since the absolute increase in 
the physician-patient ratio is lower in 194^ through 19^8 than 
in 19^.8 through 195'0, the linear function in time is used for 
the regression. The regression equation is physicians/patients 
= ,00285" + ,00019t, with time coded such that 19i|6 = 1, The 
correlation coefficient is .99, The estimated physician-
patient ratio for I960 is derived by substituting t = 15" into 
the above equation, which yields ,0057. This represents a 0^% 
increase over the 19^0 ratio. This same percentage increase 
is applied to the technical coefficient for physicians in 
nervous and mental hospitals in 19^0 shown in Table 28 to 
forecast the technical coefficient for I960, The resulting 
coefficient of ,0174 is shown in Table 76, State mental hos­
pitals are assumed to be representative of all nervous and 
mental hospitals, at least with respect to percentage changes 
in the technical coefficient in question. 
The data on trends in physician productivity shown In 
Table 17 are utilized in forecasting the I960 technical coef­
ficient for physicians in health service code 1|, physicians' 
services outside hospitals. The data is plotted in Figure 3, 
The war years of I9ij.l-19il.^ show signs of having been affected 
17^ 
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Figure 3. Index of output per physician 
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Table I{.6, Ratio of physicians to patients, state mental 
hospitals, 1941 to 19^ 1 
Year Ratio Year Ratio 
1941 .0034 1946 .0030 
1942 .0028 1947 .0033 
1943 .0029 1948 .0034 
1944 .0026 1949 .0036 
1945 .0026 1950 .0038 
1951 .0040 
^Source: Computed from (119) page 30). 
by the unusual circumstances of that period. so a regression 
was computed regressing output per physician on time for the 
period 193^ - 1940 and I9lj.6 - 1950. The resulting equation is 
output/physicians = 79.6 + 9.895t, where time is coded 1935 = 
1, The correlation coefficient is .98, which is significant 
at the level (37, page Ij.68). Substituting t = 26 for I96O 
would yield an index of output per physician of 336.90 for 
that year, where 1935 = 100, This would represent an average 
annual rate of increase of in physician productivity 
over the 1950 to i960 period. Reference to Figure 3 discloses 
that the rate of increase in physician productivity is greater 
for the 1935 - 1950 period as a whole than for either the 
1935 - 1940 or 19^+6 - 1950 sub-periods. It appears that the 
long-run trend rate of productivity increase may be somewhat 
less than but that there was a shift upward in the 
productivity function during the war years. This may have 
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been due to some extraordinary increase in innovation, either 
in capital equipment or in method of service. The decline in 
number of house calls is an example of the latter. These 
innovations may have been brou^t forth under the duress of 
the wartime shortage of physicians. Since it would be un­
reasonable to predict another such unusual effect during the 
19^0 - i960 period, what we wish to forecast is the long-run 
trend rate of physician productivity increase. 
Regressing output per physician on time, coded such that 
1946 = 1, for the period 191+6 - 195^0 yields out put/physicians 
= 205".82 + l8t, The correlation coefficient is .97. Sub­
stituting t = 15" yields an estimate of the index of output per 
physician of 203.52 for i960, where 1935" = 100 on the index. 
This represents an increase of 2,1^  ^per year over the 195*0 -
i960 decade. 
Referring back to Figure 3, however, leads one to doubt 
that this 2,15^ increase per year is an accurate estimate of 
the long-run trend in productivity. The productivity index 
for the entire period 19^6 - 195*0 was below the level attained 
in I9I1.5. The very hi^ productivity in 1945^ may have been due 
to a longer work week by the average physician, but data is 
not available to test this hypothesis. On the other hand, the 
high productivity figure may indicate that the technology was 
already developed in 19k^, and was utilized under wartime 
duress, to allow achievement of a productivity index of 231t..4. 
Possibly this technology was not adopted widely in the 
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immediate postwar years. The 1911.6 to 19^0 period may thus 
have exhibited a higher rate of productivity increase than 
would be indicated by the true long-run trend. 
Another estimate of the long-run trend rate of produc­
tivity increase can be obtained by regressing output per phy­
sician on time for the period 1935 through 19I{.0. This yields 
output/physic!ans = 101.1 + 3.Oit ^ where time is indexed 
1935 =1. The correlation coefficient is .86, which is sig­
nificant at the level (37, page Ij.68). We thus have a 
choice of two estimates of the long-run trend rate of produc­
tivity increase, namely 3.01 units per year estimated from 
1935" to 1940 data, and 5.18 units per year estimated from I91j.6 
to 1950 data. For the reasons discussed above, the 3.01 fig­
ure is used in this analysis. 
This still only gives us a slope coefficient. We must 
still select an intercept, I assumed that the 1950 index of 
productivity of 233lay on the trend line, resulting in the 
equation output/physicians = 230.39 + 3.Oit, where time is 
indexed 1950 =1, Substituting t = 10 for I96O, yields an 
estimated productivity index for that year of 260.49, which 
represents an increase in productivity of 12.9^  over the 1950 
to i960 decade. The technical coefficient for physicians in 
health service code i{. in 1950 of .2358 (Table 28) was reduced 
by 12,9^  to derive the forecast I960 coefficient of ,2054 
entered in Table 76, 
We could have made other assumptions regarding the 
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Intercept. For example, we could have used the mean of the 
194^ to 1950 productivity indices as the intercept, and coded 
time 1949 = 1. This would have yielded a productivity in­
crease of 9.0^ over the 195'0 - I96O decade. The choice of 
intercept is somewhat arbitrary. 
The number of physicians engaged in hospital service has 
been increasing in the 1930 to 195^0 period, as has the per­
centage of total physicians so engaged. 
Table 1|.7. Number of physicians and per cent of total engaged 
in hospital service, selected years^ 
Year Number Per cent 
1931 9,700 6,2 
• • 1940 14,209 8.1 
1949 24,887 12,4 
^Source: (109, page 27), 
We could estimate total physicians engaged in hospital 
service directly from this data, but we would then be con­
founding the effect of increased demand for hospital services 
with changes in the number of physicians per unit of service 
rendered. Thus, it is preferable to estimate changes in 
physicians per patient-day. Estimates of total patient days 
in hospitals for 1931 and 19^1.0 which aj?e strictly comparable 
to the 1950 and I96O data are difficult to derive, because of 
differences in reporting procedures at different time periods. 
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The Aaerloan Medical Association reports 283,019,5^0 patient-
days in all hospitals in 1931 (8, page 2070), an average daily 
census in all hospitals of 1,026,171 in 191+0 (9, pages 106I|-
1065"), and an average daily census in all hospitals of 
1,221;.,9^1 in 1949 (21, pages 31-32). I previously derived an 
estimate of 25,35'6 physicians employed in hospitals in 195*0 
(Table 27), The average daily census for all hospitals in 
19^0 was 1,2L|.2,777 (2^, page 119). From these figures we can 
derive the following estimates of physicians per patient in 
all hospitals. 
Table Ij.8. Physicians divided by average daily census in all 
hospitals, selected years 
Year Physicians/average daily census 
1931 .0125 
1940 .0138 
1949 .0203 
19^ 0 .0204 
Graphing these ratios indicates that the relationship 
over time is not linear, although the ratio appears to be 
monotonically increasing over time. We do not have enough 
observations to compute a meaningful regression, so the I96O 
ratio of physicians to the average daily census in all hos­
pitals was estimated by projecting all possible linear trends 
based on pairs of points, and averaging the resultant six 
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figures. The computation is shown in Table I|9, The resulting 
estimate is .0238, which is a llj..3^  increase over the 19^ 0 
ratio. This same percentage increase was assumed for the 
technical coefficients for physicians in both short-stay and 
"other" hospitals in deriving the estimated I960 technical 
coefficients for these categories, on the assumption that they 
Would increase at the average rate. 
Table Zj.9, Forecasting of physician-patient ratio, all 
hospitals, i960 
Trend through years i960 forecast 
1931 - 1940 .0167 
1931'- 1949 .0251 
1931 - 1950 .0246 
1940 - 1949 .0282 
1940 - 1950 .0270 
1949 - 19^ 0 .0214 
Average .0238 
No change was forecast for the technical coefficient for 
physicians employed in environmental health services. 
Pharmacists 
The i960 technical coefficient for pharmacists in nervous 
and mental hospitals is derived in the same manner as the 
coefficient for physicians in that service category, with one 
minor difference. The data on pharmacists relates to state 
hospitals for mental disease and psychopathic hospitals 
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combined, because this is the way the employment data is re­
ported in the sources. The pharmacist-pat ient ratios in the 
following table are derived by dividing the number of pharma­
cists by the average daily census for hospitals in this cate­
gory for respective years found in Table 
A five year time series is used for forecasting because 
the war years represent abnormal conditions, and prewar data 
is unavailable. Since the absolute change in the ratio from 
1946 to 1948 is greater than from 19^.8 to 1950, the log trans' 
formation was applied to the time variable before computing 
the regression. 
Table ^0, Number of pharmacists employed and pharmacist-
patient ratio, state hospitals for mental disease 
and psychopathic hospitals. United States, 1946 -
1950^  
Year Pharmacists^ Pharmacists/patients 
1946 139 .00031 
1947 143 .00032 
1948 157 .00034 
1949 167 .00035 
1950 169 .00035 
S^ource: (120, page 60) (121, page 60) (119, page 197). 
^Employment data derived by assuming 2 part-time employ­
ees equal one full-time. 
Regressing the pharmacist-patient ratio on the logarithm 
of time, coded such that 1946 = 1, yields pharmacists/patients 
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= .00037 + .000061}. logt. The correlation coefficient is .98, 
Substituting t = l5 in I960 yields a forecast pharmacist-
patient ratio of ,00038 for that year. This is an increase 
of 8,6^ over the 19^0 ratio of ,00035^. Using this same per­
centage increase yields the forecast I960 technical coeffi­
cient for pharmacists in nervous and mental hospitals. 
Pharmacists per 100,000 population has been declining in 
the 1940 to 19^0 decade. In 19^1-0» this figure was 59.1, while 
in 195b it was 58.2^  ^(108, page 29). Data for 1930 is not 
available, as the census for that year aggregates pharmacists 
with drug store proprietors, Palk, Rorem, and Ring (Z|0) list 
132,000 pharmacists employed in '!medical institutions", but 
the estimate is not dated and the source of the estimate is 
not given. Assumedly it applies to some point in time prior 
to 1931. This estimate is not used herein. Extrapolating the 
trend in pharmacist-population ratios on the basis of the two 
observations available yields an estimated ratio of 57.3 for 
i960, which is a 1.5^ decrease over the ten year period. De­
creasing the 1950 technical coefficient for pharmacists em­
ployed in "other health" services by this percentage yields 
.638!}. as the forecast i960 coefficient. 
Data on pharmacists employed in hospitals is available 
throughout the war years, but unfortunately not for the 1914-7 
to 1914.9 period. The 1950 figure in Table 5l is derived from a 
%^'igures adjusted for 1940 non-inclusion of Alaska and 
Hawaii, 
I8i| 
Table 51• Total pharmacists employed and number per average 
daily census, all hospitals, selected years^ 
Tear Number employed^ Pharmacists/average daily census 
1936 1,901 ,00209 
1941 2,631 .00242 
1942 2,695 .00239 
1943 3,866 .00308 
1944 3,892 .00300 
1945 3,691 .00263 
1946 3,043 .00246 
19^0 3,437 .00277 
^Sources: (23, page 1077) (21, page 31) (25*, page 119) 
and (Table 27). 
^Employment figures derived by assuming two part-time 
workers equals one full time for 1941 - 19^6, The 1936 figure 
is total number employed. Information was not available on 
the number of part-time workers included. 
different source than the others, and is probably noneompar­
able . Because of the nontypical nature of the war years, I 
did not feel any useful forecast could be made on the basis of 
the above data, Eo change was forecast for the technical co­
efficient for pharmacists employed in short-stay or "other" 
hospitals over the 195*0 - I960 period. 
Chiropractors 
Since all chiropractors are assigned to health service 
code 7, which is measured on a total population basis, we need 
to forecast changes in the chiropractor-population ratio in 
order to derive a forecast technical coefficient for this 
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occupation for I960, No time series is available on the num­
ber of chiropractors employed, but it is reported (78, page 
207) that the number of active chiropractors was 16,1^ 0 in 
1930, 18,3^0 in 1940, and 20,512 in 1950. Using total popula­
tion data (93, page 7) to convert these figures to chiroprac-
tor-population ratios yields 13.12 for 1930, 13.90 for I9I1.O, 
and 13.56 for 1950. Projecting an estimated ratio for I960 on 
the basis of the trend defined by each possible pair of points, 
we find an estimate of 13.22 using the 19I|.0-1950 trend, 15.46 
using the 1930-194-0 trend, and 13.78 using the 1930-1950 trend. 
The simple average of these is 11)..15, which represents a 
increase over the 1950 ratio. Applying this same percentage 
increase to the 1950 technical coefficient for chiropractors 
in "other health" services yields .1385 as the forecast I96O 
coefficient. This figure is entered in Table 76. 
Dieticians and Nutritionists 
In attempting to use the same means for forecasting the 
technical coefficient for dieticians and nutritionists in 
nervous and mental hospitals as was used for pharmacists in 
that service category, it was found that the dietician and 
nutritionist-patient ratio was not a linear function of time. 
The ratios in the following table were derived by dividing the 
number of persons employed by the average daily census for 
hospitals in the category for respective years shown in Table 
The absolute change in the ratio from 19^ 8-1950 is 
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greater than for 19lj.6-1948, so the linear function of time was 
used for the regression. 
Table ^2. Number of dieticians employed and dietician-patient 
ratio, state hospitals for mental disease and 
psychopathic hospitals. United States, 19^ .6 - 19^ 0^ -
Year Dieticians employed^ Dieticians/patlents 
1946 207 .00046 
1947 192 .00042 
1948 214 .00046 
1949 243 .00051 
1950 241 .000^0 
^Source: (120, page 60) (121, page 60) (119, page 197). 
^Employment data derived by assuming two part-time 
workers equal one full time. 
Regressing the dietician-patient ratio on time, coded 
such that 1946 = 1, yields dieticians/patients = .00045^3 + 
,000017t. The correlation coefficient is .21, which is not 
significant at the ^fo level. Stated another way, the slope 
coefficient of .000017 is not significantly different from 
zero. In the absence of other data to form a basis for pre­
dicting changes in the technical coefficient for dieticians 
and nutritionists employed in nervous and mental hospitals, 
the 195*0 coefficient of ,0066 (Table 28) was used for I960 as 
well. 
no data was available regarding changes in the technical 
coefficient for dieticians and nutritionists in other health 
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service codes, and no change was forecast in these. In other 
words, the estimated I96O technical coefficients for dieti­
cians and nutritionists are the same as the 1950 technical 
coefficients for all service categories. 
Medical Laboratory Technicians and Technologists 
In estimating the technical coefficient for medical lab­
oratory technicians and technologists in nervous and mental 
hospitals for 195*0, it was noted that the only data available 
aggregated laboratory technicians and x-ray technicians. This 
same observation is true with respect to projecting changes in 
these coefficients, I will derive an estimate of the per­
centage change for the 195*0 - I960 period for both occupation 
groups combined, and use this same percentage to adjust the 
individual coefficients. The procedure is the same as was 
used for pharmacists in nervous and mental hospitals. The 
data on average daily census for I9/4.6 to 195^0 by year, found 
in Table ill;, was used to compute the technician-patient ratios 
in the following table. 
Since the absolute increase in the ratio from 19i|-6 - 1948 
is greater than from I948 - 195*0, the log transformation was 
applied to the time variable prior to computing the regression. 
Regressing the technician-patient ratio on the logarithm of 
time yields technicians/patients = ,0008l|5 + ,000676 log t, 
where time is coded 19l|.6 = 1, The correlation coefficient is 
,96, To estimate the technician-patient ratio for I96O, we 
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Table 55. Nuitiber of medical laboratory and x-ray technicians 
employed and technician-patlent ratios, state hos­
pitals for mental disease and psychopathic hos­
pitals, United States, 1946-1950 
Year Technicians employed^ Technicians/patients 
1946 389 .00007 
1947 467 .00103 
1948 3^0 .00114 
1949 577 .00121 
1950 668 .00138 
•^Source: (120, page 60) (121, page 6o) (119, page 197). 
^Htiployment data derived by assuming two part-time 
workers equals one full time. 
substitute t = 15" into the equation. This yields ,00164, 
which is an 18,8^  increase in the ten year period 19^ 0 - I960, 
Increasing the technical coefficient for medical laboratory 
technicians in nervous and mental hospitals in 19^0 from Table 
28 by this percentage yields a forecast of ,,0021 for the I960 
coefficient. This is entered in Table 76. 
In 1941, a total of 10,477 medical laboratory technicians 
and technologists were employed in all hospitals (23, page 
1077). Data is not available for 1940, nor for the postwar 
period. The average daily census in all hospitals in 194^ was 
1,087,039 (19, page 31). This yields a ratio of medical 
laboratory technicians and technologists to average dally cen­
sus in all hospitals of ,0096 in 1941. The same ratio in 
19^0 was ,0201, computed from the 24,979 persons employed 
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(Table 2?) and an average daily census of 1,2[}.2,777 (25', page 
119). Projecting a trend through these points yields a fore­
cast ratio of .0318 for I960, which is a ^8,2^ increase over 
the ten year period. This same percentage increase was ap­
plied to all technical coefficients for medical laboratory 
technicians and technologists to obtain the forecast I960 
technical coefficients. 
This yields forecast coefficients of ,2210 for short-stay 
hospitals, ,0028 for nervous and mental hospitals, .Oi|.8l|. for 
"other" hospitals, and ,0120 for service code Zj., The estimate 
of ,0021 for the technical coefficient for this occupation for 
service code 2 is used instead of the ,0028 forecast above, as 
it is felt the former is derived from more reliable data. The 
difference would amount to only 189 persons employed in I960, 
X-ray Technicians 
The technical coefficient for x-ray technicians in nerv­
ous and mental hospitals was estimated to increase by 18,8^  
during the ten year period 19^0 - 1960,^"^ This yields a co­
efficient of ,0021, which is entered in Table 76, The total 
number of x-ray technicians and the number per 100,000 popula­
tion have both increased steadily throughout the 1940 to 195*0 
period. In 1950, 39 of all x-ray technicians were employed 
in short-stay hospitals, 1,^ % were employed in nervous and 
^7See previous section on medical laboratory technicians 
and technologists. 
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mental hospitals, 1.2^ were employed in "other" hospitals, and 
5'7.9^ were employed in "other health" services (Table 27). 
Assuming that these percentages were constant over the 19Ij.6 -
19^0 period, we can derive the following figures. 
Table 5^1. X-ray technicians employed and number per 100,000 
population, 19^0 - 195^0& 
Year Number Number/100,000 
population 
Year Number Number/100,000 
population 
1940 9,644 7 1946 19,108 14 
1941 11,248 8 1947 20,512 14 
1942 13,612 10 1948 23,348 16 
1943 15,668 11 1949 26,704 18 
1944 16,660 12 1950 30,764 20 
1945 17,792 13 
^Source: (78, page 227), 
Table 55, X-ray technicians employed by service category. 
United States, I946 - 19^0* 
Year Short-stay Nervous and "Other" "Other health" 
hospitals mental hospitals services 
hospitals 
1946 7,529 287 229 11,063 
1947 8,082 308 246 11,876 
13,519 1948 9,199 350 280 
1949 10,521 401 320 15,462 
1950 12,121 461 369 17,813 
^Source: Computed from Table 54 using percentage figures 
in t ext, 
191 
Dividing the hospital employment figures above by the 
average daily census in the respective hospital service codes 
for the various years (Table US'), and dividing the employment 
in "other health" services by total population for the various 
years (93, page 7), yields the following ratios. 
Table $"6. Ratios of x-ray technicians to selected bases, 
1946-19Sb& 
Year X-ray tech­ X-ray tech­ X-ray tech­ X-ray tech­
nicians in nicians in nicians in nicians in 
short -st ay nervous and "other" "other 
hospitals mental hos­ hospitals health" per 
per patient pitals per per patient 1,000 popu­
patient lation 
1946 .0146 .00042 .0026 .0773 
1947 .0169 .00047 .0028 .0819 
1948 .0201 .000^ 3 .0030 .0920 
1949 .0234 .000^ 9 .0030 .1039 
19^ 0 .0268 .00067 .0036 .1182 
S^ource: Computed from Tables ij.5 and 5^" and (93, page 7). 
Since all ratios exhibit greater absolute Increases for 
the 1948 - 19^0 period than for 194& - 191|8, the linear func­
tion of time is used for all regressions. Regressing the 
ratio of x-ray technicians in short-stay hospitals to average 
daily census in these hospitals in 19^6 - 19^0 on time, coded 
such that I94& = 1, yields x-ray technicians/patients = 
^^Population for inter-census years is estimated by as­
suming a linear trend. 
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,01109 + .00309t. The correlation coefficient is .998. Sub­
stituting t = 1^ for i960 yields an estimated ratio of 
for that year. This is a Hi;.3^ increase over the ten year 
period. Applying the same percentage increase to the techni­
cal coefficient for x-ray technicians in short-stay hospitals 
in 19^0 (Table 27), yields the forecast technical coefficient 
for i960 of ,1^^6 for this category shown in Table 76, 
Regressing the ratio of x-ray technicians in nervous and 
mental hospitals to average daily census in these hospitals in 
1946 - 19^0 on time, coded such that 19^6 = 1, yields x-ray 
technicians/patients = .000374 + .OOOO^&t. The correlation 
coefficient is .98. Substituting t = 1^ in I960 yields an 
estimated ratio of .00121I|. for that year. This is an 81.2^ 
increase over the 19^0 - i960 decade. This increase was pre­
viously estimated as 18.8^ using other data. The latter fig­
ure is used herein, as it is felt it is based upon more re­
liable data. The difference between the two forecasts would 
amount to 323 persons employed in I960. 
Regressing the ratio of x-ray technicians employed in 
"other" hospitals to average daily census in these hospitals 
over the 19^6 - 195^0 period on time, coded such that 19^6 = 
1, yields x-ray technicians/patients = .0023^ + .00022t. The 
correlation coefficient is .93. Substituting t = 15" yields 
a forecast ratio of ,00^6i|. for I960. This is a ^6.7^ increase 
over the 19^0 figure. Applying this same percentage increase 
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to the 195'0 technical coefficient for x-ray technicians em­
ployed in "other" hospitals (Table 27) yields a forecast I960 
coefficient of ,015*0. This is entered in Table 76. 
Regressing the ratio of x-ray technicians employed in 
"other health" services to total population on time for the 
I9I4.6 - 195*0 period yields x-ray technicians/population = 
,0635*2 + ,0l038t. Time is coded 19^6 = 1. The correlation 
coefficient is .98. Substituting t = 1^ for I960 into the 
above equation yields an estimated ratio of .21922 for that 
year. This is an 8^.^^ increase over the ten year period. 
Applying this same percentage increase to the 195*0 technical 
coefficient for x-ray technicians engaged in "other health" 
services yields an estimated i960 coefficient of ,2196, This 
is entered in Table 76, 
Opticians, Lens Grinders, and Polishers 
All opticians, lens grinders, and polishers are assigned 
to health service code 7, "other health" services, which is 
measured on a total population basis. Hence, the problem is 
to forecast changes in the optician-population ratio. The 
method used to do this is identical to that used below to 
forecast changes in the optometrist-population ratio, since we 
do not have an annual time series on the employment of persons 
in either of these occupations. Census data discloses that 
the number of opticians, lens grinders, and polishers per 
100,000 population was 10,^ 6 in 1930, 9,09 in 1940, and 13.22 
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in 19^ 0 (93, pages 7 and 75) .  Estimating the I960 ratio by-
computing three separate linear trends through the three pos­
sible pairs of points yields 6,l5 using 1930 and 19I|0, 11|.55 
using 1930 and 1950, and 17.35 using 1940 and 1950. The 
simple average of the three estimates is 12.68, which repre­
sents a li.l^ decrease in the optician and lens grinder-popula­
tion ratio over the ten year period. Reducing the 1950 tech­
nical coefficient of .1274 (Table 27) by 4.1^ yields an esti­
mated technical coefficient for this category of ,1222 in I960, 
This is entered in Table 76. 
Opt omet ris t s 
Since all optometrists are assigned to health service 
code 7, "other health" services, which is measured on a popula­
tion basis, our purpose here is to forecast changes in the 
optometrist-population ratio. Intuitively, it would be de­
sirable to make this ratio a function of the age and sex dis­
tribution of the population, per capita income, and optome­
trist productivity. Unfortunately, we do not have a time 
series on the number of optometrists employed, and cannot es­
timate this functional relationship. We do have data which 
enables us to calculate the number of optometrists per 100,000 
population in 1930, 1940, and 195o (Table 57). Computing a 
regression on a time series of three values is somewhat incon­
gruous, and we can approximate the trend through a simpler 
technique. This is to estimate three separate ratios for I960 
19^ 
based on each of the three possible pairs of points, and 
average the results. The trend from 1930 to 1940 would yield 
an optometrist-population ratio of 8,6 in I960, The trend 
from 1930 to 19^0 would yield a ratio of 12.2 in I960, and the 
19^0 to 195^0 trend yields 13.4. The simple average of these 
is 11,4, which represents a 12,3^ decrease from the 195'0 fig­
ure. Decreasing the 195*0 technical coefficient of .1181 
{Table 27) by this percentage yields a i960 forecast technical 
coefficient for optometrists of ,1036. This is entered in 
Table 76. 
Table 57. Ratio of active optometrists to 100,000 population. 
United States, selected years^ 
Year Optometrists/population 
1930 14.6 
1940 12.6 
1944 12.5 
1948 11.9 
1950 13.0 
^Source; (78, page 217) . 
Psychologists, Clinical and Other Health 
The forecast I96O technical coefficient for clinical and 
other health psychologists in nervous and mental hospitals is 
derived in the same manner as the coefficient for pharmacists 
in this category of service. The clinical psychologist-
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patient ratio utilizes the average daily census figures in 
Table as the denominator. 
Table 58, Number of clinical psychologists employed and 
psychologist-patient ratio for state hospitals for 
mental disease and psychopathic hospitals. United 
States, 1946 - 19^ 0^  
Year Clinical psychologists^ Psychologists/patients 
1946 94 .00021 
1947 166 .00037 
1948 220 ,00047 
1949 261 .00055" 
195b 373 .00077 
^Sources: (120, page 60) (121, page 60) (119, page 197). 
^Employment data derived by assuming two part-time em­
ployees equals one full time. 
Since the absolute change in the psychologist-patient 
ratio is greater in the 1948 - 1950 period than in the 1946 -
1948 period, the linear function of time is used in the fol­
lowing regression. Regressing the psychologist-patient ratio 
on time yields psychologists/patients = .OOOO84 + .00013 t, 
where time is coded 1946 =1. The correlation coefficient is 
,99. -An estimated psychologist-patient ratio for i960 of 
.00203 is found by substituting t = l5 into the above equa­
tion. This represents an increase of 163.6^ in this ratio 
over the ten year period, 19^0 - I960. Applying this same 
percentage increase to the 1950 technical coefficient for 
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psychologists employed In nervous and mental hospitals yields 
a forecast of «OOS'O for the I960 value of this coefficient. 
This is entered in Table 76. 
Bachman (2^ , page ^ Q) reports 2,739 psychologists employed 
in the health field in 19ij.O, and 7,273 in 19^0. Dividing each 
of these by population in the respective years yields ,Oij.83 
psychologists per 1,000 persons in 195*0, and .0208 in 1940. 
Projecting this ratio to I960 yields a ratio of .07^8 for that 
year, which is a ^6,9^ increase over the ten year period. 
Assuming that the technical coefficient for psychologists em­
ployed in health service code 7, "other health" services in­
creases at this same rate yields an estimated I96O technical 
coefficient of .0262 for this category. This is entered in 
Table 76« 
Occupational Therapists 
The forecast i960 technical coefficient for occupational 
therapists in nervous and mental hospitals is derived in the 
same manner as the coefficient for pharmacists in that service 
category. 
The occupational therapist-pat lent ratio in the follow­
ing table is derived by dividing total persons employed by the 
average daily census for hospitals in this category as found 
in Table Zj4« It may be noted that the absolute increase in 
the ratio for the 19I|8 - 19^0 period is over twice as great 
as the increase from 19i|.6 to 19i{.8, By the previous criterion. 
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Table ^9« Number of occupational therapists employed and 
therapist-patlent ratio for state hospitals for 
mental disease and psychopathic hospitals. United 
States, 1946 - 19^ 0a 
Year Occupational therapists^ Therapists/patients 
1946 903 .00203 
1947 1,003 .00222 
1948 1,068 .00230 
1949 1,243 .00261 
1950 1,457 .00300 
^Source: (120, page 60) (121, page 60)  (119, page 197). 
^Employment data derived by assuming two part-time work­
ers equals one full time, 
we would use the linear function of time in computing a re­
gression, Regressing the therapist-patient ratio on time, 
coded such that 1946 = 1, yields occupational therapists/ 
patients = ,00173 + .000233^. The correlation coefficient is 
,96. Substituting t = l5 for I96O yields a therapist-patlent 
ratio of .00^22 for that year, which is a 74^ increase over 
the 19^0 ratio. However, there is some evidence that the 
ratio is increasing at an increasing rate. That is, that a 
nonlinear function would provide a better fit. Therefore an 
equation of the form therapists/patients = at^ was used. As 
fitted, this amounts to a double log transformation on the 
data. That is, the equation is identical to log(therapists/ 
patients) = a' + blogt, where a' = log a. The first deriv­
ative of the ratio with respect to time, d(T/P)/dt = abt^ "^ . 
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The second derivative, d^(T/P)/dt^ = ab(b-l)t^"^. In order to 
have the function increasing at an increasing rate, the second 
derivative must be positive. Given that all of the ratios are 
positive and time is coded such that it is positive, this is 
tantamount to saying that b must be greater than unity. Un­
fortunately, with a function of this sort the value of b is 
dependent upon the arbitrary units used to code the linear 
time variable. Uo statistical technique exists for deter­
mining the "optimal" coding of this variable, a priori. It is 
strictly a trial and error process of finding a coding such 
that some desired degree of fit is obtained. Coding time with 
successive integers such that 1946 = 1 yields a slope coeffi­
cient which is less than unity. The correlation coefficient 
is .92, which indicates that the linear function fits the data 
better than the double log transformation. Coding time 19^ 6 = 
1,0, 1947 = 1.1, and so forth, produces the equation log(T/P) 
= ,29733 + 1.1105*5 logt. The correlation coefficient is .97, 
which indicates a slightly better fit than the linear function 
of time. Substituting t = 2,4 for I96O yields a value for 
log(T/P) in 1960 of .71957. The antilog is .5243, which 
yields an increase in the ratio of 74.8^ , This is only 
slightly greater than the increase forecast by the linear 
trend, which is reasonable since the exponent in this last 
coding is only slightly greater than unity, i,e, the function 
fitted is almost linear. 
Coding time 194-6 = 1.00, 1947 = 1.01, and so forth, 
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yields the equation log(T/P) = ,29965" + 9.6078 logt, The cor­
relation coefficient is .985", which indicates a slightly bet­
ter fit than the previous equation. Substituting t = 1,1L|. for 
i960 yields a value for log (T/P) of .8l|.633. The antilog is 
,7020, which represents a 134.0^ increase in the ratio over 
the 19^ 0 to i960 decade. Coding time 19I|.6 = 1.000, 1947 = 
1,001, and so forth, yields the equation log (T/P) = .29981 + 
94.7^91; log t. The correlation coefficient is ,980, which is 
not quite as large as the previous one. At this point the 
iteration was ceased, and the 13^,0^ increase was applied to 
the technical coefficient for occupational therapists in nerv­
ous and mental hospitals of ,0080 in 195*0 (Table 27) to derive 
the forecast i960 technical coefficient for this category of 
,0187. This is entered in Table 76. 
Total occupational therapists for all service categories 
for 19i|.6 - 195*0 are shown in the following table. Subtracting 
those employed in nervous and mental hospitals (Table 5*9) 
yields those assigned to "other" hospitals, since we have as­
sumed the technical coefficients to be zero for this occupa­
tion except for service codes 2 and 3, 
The therapist-patlent ratios are derived by dividing the 
number employed in "other" hospitals by the average daily cen­
sus for these hospitals in the respective years, as shown in 
Table The trend in the therapist-patient ratio is 
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Table 60, Total occupational therapists employed, number 
employed in "other" hospitals, and therapist-
patient ratio for "other" hospitals. United States, 
1946 - 19^ 0^  
Year Total employed Employed in 
other " 
hospitals 
Therapist/patient 
ratio in "other" 
hospitals 
1946 
1947 
1948 
1949 
1950 
1,673 
1,723 
2,161 
2,267 
2,300 
770 
720 
1,093 
1,024 
843 
,0089 
.0082 
,0116 
.0102 
.0082 
^Sources: (78, page 224) (I07, page 14) 
obviously nonlinear,This may be due to several causes. 
The data utilized are certainly fragmentary, and those which 
are available are of dubious quality. In deriving the 195*0 
technical coefficient, the assignment of all occupational 
therapists outside of nervous and mental hospitals to "other" 
hospitals was arbitrary. If this assignment was incorrect, 
trends which are properly present may be masked. 
Since no conclusions can be drawn from the available data, 
the technical coefficient for occupational therapists in 
"other" hospitals was assumed unchanged from 1950 to I960, 
^Regressing the occupational therapist-patient ratio 
on time yields a correlation coefficient of ,06, Regressing 
on the logarithm of time yields a correlation coefficient of 
.40. 
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Physical Therapists 
In attempting to use the same method for predicting 
changes in the technical coefficient for physical therapists 
in nervous and mental hospitals as was used for pharmacists in 
that hospital category, it was found that the physical thera­
pist -patient ratio was not a linear function on time. 
Table 61, Number of physical therapists employed and physical 
therapist-patient ratio in state hospitals for men­
tal disease and psychopathic hospitals. United 
States, 1946 - 1950^  
Year Physical therapists^ Physical therapists/patients 
1946 319 .00072 
1947 288 .00064 
1948 302 .00065 
1949 342 .00072 
1920 3^ 9 .00074 
^Source : (120, page 60) (121, page 60) (119, page 197). 
E^kriployment data derived by assuming two part-time 
workers equals one full time. 
The denominator for the physical therapist-patlent ratio 
is derived from Table 44. Since the absolute change in the 
ratio from 1948 to 195*0 is greater than from 194& to 1948, the 
linear function of time is used for the regression. Regress­
ing the physical therapist-patient ratio on time, coded such 
that 1946 = 1, results in the equation physical therapists/ 
patients = .00065*8 + .000012t. The correlation coefficient is 
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which is not significant at the level. In looking at 
the data, it appears that a quadratic function would probably 
fit the data quite well. However, we do not have enough ob­
servations to do a meaningful regression including a quadratic 
time variable. 
The total number of physical therapists has exhibited a 
steady increase over the 19^0 to 19^0 period. The number per 
100,000 population and the ratio of physical therapists to 
average daily census in short-stay and nervous and mental hos­
pitals exhibit the same steady increase. 
Table 62. Physical therapists employed, number per 100,000 
population, and number per average daily census in 
short-stay and nervous and mental hospitals. United 
States, 1940 - 1950^  
Year Physical Physical therapists/ Physical therapists/ 
therapist s population average daily census, 
short-stay and nervous 
and mental hospitals 
combined 
1940 1,160 0.9 .0012 
1941 1,400 1.0 .0014 
1942 1,610 1.2 .0016 
1943 1,822 1.3 .0016 
1944 2,000 1.4 .0017 
1942 2,304 1.6 .0018 
1946 2,996 2.1 .0026 
1947 3,386 2.3 .0030 
1948 3,200 2.4 .0031 
1949 4,000 2.7 .0036 
19^ 0 4,600 3.0 .0040 
Source: Golumms 1 and 2 (78, page 22^). Column 3, com­
puted from data in (19, pages 31-32), (20, page 110) and 
(21, page 26). 
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Since the physical therapist-patient ratio exhibits a 
greater absolute increase for 19^ 8 - 19^ 0 than for 194& -
1948, the linear function of time is used for the regression 
equation. Excluding the war years, regressing the physical 
therapist-patient ratio on time for the period 19I|6 - 19^ 0 
yields physical therapists/patients = ,00228 + ,00034^. Time 
is coded 1946 = 1. The correlation coefficient is .99, Sub­
stituting t = 15" in i960 into the previous equation yields 
.00738 as the estimated ratio for that year. This is an 84,5"^  ^
increase over 195*0. This same 84,5'/^ increase was applied to 
the technical coefficient for physical therapists in both 
short-stay and nervous and mental hospitals to forecast the 
i960 technical coefficients. No change was forecast for the 
technical coefficient for physical therapists engaged in 
"other health" services. 
Dentist s 
Forecasting of the I96O technical coefficient for den­
tists in nervous and mental hospitals is accomplished by the 
method previously used for pharmacists in this service cate­
gory, Data on the average daily census in state hospitals for 
mental disease and psychopathic hospitals from Table 44 is 
utilized in calculating the dentist-patient ratios in the fol­
lowing table. Since the absolute increase in the ratio from 
1946 - 1948 is greater than from 1948 to 1950, the log trans­
formation was applied to the time variable before computing 
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the regression. The equation for the dentist-patient ratio 
regressed on the logarithm of time for the period 19^ 6 - 195^ 0 
is dentists/patients = .000^2 + .0001^ logt, where time is 
coded 19^ 6 = 1. The correlation coefficient is .97. 
Table 63• Number of dentists employed and dentist-patient 
ratio, state hospitals for mental disease and psy­
chopathic hospitals. United States, 194^  - 195*0^  
Year Dentists^ Dentists/patients 
1946 18^  .00042 
1947 207 .00046 
1948 222 .00048 
1949 244 .000^ 2 
1950 249 .00051 
ource: (120, page 60) (121, page 60) (119, page 197). 
^Employment data derived by assuming two part-time em­
ployees equals one full time. 
Substituting t = 15" for I96O into the above equation 
yields a dentist-pat i ent ratio of .0005^8 for that year. This 
is a 13.7^ increase in the ratio over the ten year period. 
Applying this same percentage increase to the 19^0 technical 
coefficient for dentists in nervous and mental hospitals of 
,0014 (Table 27) yields the forecast I960 technical coeffi­
cient for this category of .0016. This is entered in Table 76. 
The data on trends in dentist productivity shown in Table 
18 are utilized in forecasting the technical coefficient for 
dentists in health service code 5, dental services. The data 
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are plotted in Figure I)., The war years of 194i - are 
apparently affected by an unusual shortage of dentists, and 
are excluded from the computations. Regressing output per 
dentist on time for the period 1935-19^0 and 19^^-19^0 yields 
the equation output/dentists = 91.83 + 7.002t, where time is 
coded 193^  = 1. The index of productivity has 1935^  = 100.0, 
The correlation coefficient is .97. Substituting t = 26 for 
i960 yields an index of output per dentist of 273.88 for that 
year. This represents an average increase of i|.3^^ per year 
in dentist productivity over the ten year period. As in the 
case of physician productivity, it appears that output per 
dentist increased more rapidly over the 193^ - 19^0 period as 
a whole than for the 1935 - 19^0 or the 19^6 - 195*0 sub 
periods. Regressing the index of output per dentist on time, 
coded 1935 = 1, for the 1935 - 19^0 sub period yields output/ 
dentists = 96,37 + 5.16t. The correlation coefficient is ,95". 
Regressing the index of output per dentist on time, coded 
1946 = 1, for the 1946 - 1950 sub period yields output/den­
tists = 197.9 - 1,92t. The correlation coefficient is .5'7, 
which is not significant at the level. That is, the 1946 -
1950 data does not follow a linear trend, as is obvious from 
observation of the scatter diagram in Figure I)., 
Since there apparently was some shift in the short-run 
productivity trend function during the war years, possibly due 
to some "forced innovation" due to personnel shortages, the 
pre-war, or 1935 - 1940 trend rate of productivity increase is 
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Figure I;. Output per dentist 
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used for projection purposes in this analysis. The intercept, 
however, must be shifted upward. Since the 19^6 - 195^0 data 
is nonlinear, the simple average of the observations for these 
years is used as the intercept. This yields the equation 
output/dentists = 186,98 + ^,16t, where time is now coded 
195*0 = 1. This yields an estimated index of output per den­
tist in i960 of 238.58, where 1935 = 100.0 on the index. This 
represents an increase of 2,5^  in output per dentist annually 
over the ten year period 1950 - i960. Reducing the technical 
coefficient for dentists in health service code 5 (Table 27)  
by 25^  yields a forecast i960 technical coefficient of ,2957. 
This is entered in Table 76,  
No data was available regarding dentists employed in 
other service categories. Hence, no changes in the technical 
coefficients for dentists employed in short-stay hospitals, 
"other" hospitals, or in environmental health services were 
forecast for the 1950 - I960 period. This is not an indica­
tion that it is felt no change took place, merely that the 
magnitude or even the sign of the change cannot be estimated 
given the available data. 
Dental Office Assistants 
In 1911-3, 55.8^ of the dentists in one survey (60, page 
656) employed at least one dental assistant. In 195o, the 
same percentage was 6ij.,0^ (78, page I83). No breakdown is 
available regarding the average number of assistants employed 
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by dentists in 1943, but in 19^0 ^6,Q% of all dentists em­
ployed one assistant, S,3% employed two, and ,9^ employed 
three or more (78, page 183). Census data indicates roughly 
71,000 active dentists in 1940 and 76,000 in 195*0 (93, page 
75"). Assuming a linear trend there would have been about 
72,5*00 dentists in 1943» Assuming further that each dentist 
employed only one assistant, if he employed any, this would be 
about 40,4^5" dental assistants employed in 1943. The corre­
sponding estimate for 195*0 would be 48,640, Note that this 
does not agree with the figures in Table 27, because a dif­
ferent source is being used for data on number of dentists and 
multiple employment of assistants by dentists is being ignored. 
The average number of patients per dentist per week in 1943 
was 43.6 (60, page 654)• The same figure for 195*0 was 47«6 
(67, page 507 and 66, page 380) , Multiplying these figures 
by the census estimates of the number of dentists yields 
3,161,000 patients per week for all dentists in 1943 « The 
19^0 figure is 3,617,600 patients. Dividing the estimated em­
ployment of dental assistants in 1943 and 19^0 by the above 
patient figures yields 1,2798 dental assistants per 100 pa­
tients per week in 1943, and 1,3445* in 195*0, ÎTote that these 
ratios are independent of the number of dentists, as number of 
dentists appears as a multiplicative factor in both the numer­
ator and denominator of the ratios. Percentage changes in 
these ratios will be the same as percentage changes in the 
technical coefficients. Extrapolating the trend to I960 
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produces an estimated 1.^369 dental assistants per 100 pa­
tients per week in that year. This represents a 6,9^ increase 
over the 19^0 to I960 decade. Applying this same percentage 
increase to the technical coefficient for dental assistants in 
health service code 5" of ,2832 in 195^0 (Table 27) produces a 
forecast I960 coefficient of ,3027. This is entered in Table 
76. 
Dental Hygienists 
Two sources indicate that the opportunities for dental 
hygienists in the 19^0*s are good in public health and insti­
tutional Work, but "there is a difference of opinion about the 
future demand for dental hygienists who work in dentists' 
offices" (9X, page 74)» Most dentists employing auxiliary 
personnel were expected to employ office assistants, not 
hygienists, because of the greater availability of the former. 
Yet in 1948-1949, 72,6^ of all dental hygiene graduates found 
employment in dentists* offices. It is also a curious argu­
ment to say that demand will low because it is expected 
supply will be low. In 1949 - 1950, 70,9^ of all dental hy­
giene graduates found employment in dentists' offices (4, page 
322), It is possible that this represents replacement demand, 
not a change in the technical coefficient. Since we have no 
data on the utilization of dental services in years prior to 
19^0, and on the basis of the qualitative estimates given at 
the beginning of this paragraph, the technical coefficient for 
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dental hygienists in health service code ^ was assimed im-
changed over the 195*0 - I960 period. 
There were 7,000 dental hygienists employed in 195*0, of 
which 3,^00 were employed outside of dentists' offices. There 
were 5',302 registered hygienists in 1946, of which or 
2,349 were employed outside dentists' offices (Slj., page 706). 
Dividing each of these figures by total population for the 
respective years yields a technical coefficient of .0226 for 
dental hygienists in health service code 7 in 195*0 (Table 27) 
and .0164 in 1946. Extrapolating the trend from only these 
two points yields an estimated technical coefficient of .0381 
for this category in I960. This is entered in Table 76. 
Dental Laboratory Technicians 
The Council on Dental Education of the American Dental 
Association, writing in 1947, estimated that approximately 
1,96^ dental laboratory technicians would be seeking employ­
ment per year, at the rate of training then in operation (6, 
page 293). They noted that about 3,500 technicians were em­
ployed by dentists, and an additional 14,286 in commercial 
laboratories in 1947, for a total of 17,786. The number 
needed for replacement each year was fixed at 426. The coun­
cil then noted that "... it can readily be seen that the sup­
ply will exceed the demand by far" (6, page 295). 
The 1950 Occupational Outlook Handbook (91, pages 236-
237) notes that the dental technician field will be 
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overcrowded through the early 195*0's, but that "employment is 
likely to increase gradually over the long run". Although 
some job opportunities are present, these are "mainly to meet 
replacement needs". 
On the basis of these qualitative estimates, no change 
was forecast for dental technician technical coefficients for 
the 19^0 - i960 period. The "gradual increase in the long 
run*' is introduced through the growth in the volume of serv­
ices utilized, not through changes in the coefficients. Note 
that this assumption of no change in the coefficients is not 
based entirely upon lack of data, but partially upon the an­
ticipation that changes will be minor. 
Professional Nurses 
The ratio of graduate nurses to patients in state mental 
hospitals has been increasing since the end of World War II, 
Table 6I4., Ratio of graduate nurses to patients, state mental 
hospitals, 1914.1 - 1951® 
Year Nurses/patients Year Nurses/patients 
1941 ,0091 1946 ,0064 
1942 .0072 1947 .0073 
1943 .0070 1948 .0063 
1944 .0066 1949 ,0091 
1945 .0060 1950 .0095 
195'1 .0092 
^Source: (119, page 30), 
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The war years assiirtiedly exhibit non-normal characteris­
tics, and pre-war data is not available. Since the absolute 
increase in the ratio from 19^6 to 1948 is greater than from 
1948 to 195*0, the log transformation was applied to the time 
variable prior to computing the regression. Regressing the 
nurse-patient ratio on the logarithm of time for the years 
1946 - 195*0 yields nurses/patients = ,00622 + .00^5^ log t, 
where time is coded 1946 =1, The correlation coefficient is 
.99. Using this equation to forecast the i960 nurse-patient 
ratio yields ,0115*9, which is an increase of 22^ over the ten 
year period. Assuming that the technical coefficient increased 
by 22^ during the 195*0 - i960 period yields an estimated tech­
nical coefficient for professional nurses in nervous and men­
tal hospitals of ,0^Lj.2, This is entered in Table 76. Note 
that I am again assuming that state mental hospitals are in 
some sense typical of nervous and mental hospitals as a whole. 
Changes in the technical coefficient for professional 
nurses in short-stay hospitals over the 195*0 - I960 period 
will be estimated by looking at changes in the nurse-patient 
ratio in general hospitals. Data is not available on nurses 
employed in short-stay hospitals as a whole. Since general 
hospitals made up about 9^.8%' of all short-stay hospitals on 
an average daily census basis in 1950 (25*, page 119), it was 
felt that trends in general hospital nurse-patient ratios were 
representative of short-stay hospitals as a whole. The denom­
inator for the nurse-patient ratio in the following table is 
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the series on the average daily census in general hospitals 
foimd in Table I4.5. Since the absolute increase in the ratio 
from 1946 - 1948 is greater than from 1948 - 19^0, the log 
transformation was applied to the time variable prior to com­
puting the regression. Regressing the nurse-patient ratio on 
the logarithm of time, coded such that 194& = 1, yields 
nurses/patients = .24900 + .2437I logt. The correlation co­
efficient is .95'. Substituting t = 15" to get an estimated 
nurse-patient ratio for general hospitals in I96O yields 
.535'62, which represents a 29.8# increase over the 19^0 ratio. 
Applying this percentage increase to the 19^0 technical coef­
ficient for professional nurses in short-stay hospitals yields 
an estimated I960 coefficient of 1.434-8. This is entered in 
Table 76. 
Table 65'. Number of graduate nurses employed and nurse-
patient ratio, general hospitals. United States, 
1946 - 1950^  
Year Nurses Nurses/patients 
1946 125,1^ 9 .2521 
1947 141,222 .3092 
1948 164,867 .3768 
1949 172,206 .4010 
1950 178,800 .4126 
^Sources: (20, page 121) (21, page 36) (19, pages 25' and 
34) (23, pages 1067 and 1077) (I8, pages I387 and 1395). 
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One may attempt to estimate changes in the technical co­
efficient for professional nurses in "other" hospitals by ana­
lyzing changes in the nurse-patient ratio in tuberculosis hos­
pitals. On an average daily census basis, tuberculosis hospi­
tals made up about 71^ of all hospitals in the "other" hospi­
tals category in 195*0 (25", page 119). The 1950 nurse-patient 
ratio in "other" hospitals was ,091 (20, pages 110 and 121), 
while the nurse-patient ratio in tuberculosis hospitals was 
,093 during the same period. Although this is not prima facie 
evidence that changes in the nurse-patient ratio in tuberculo­
sis hospitals will be highly correlated with changes in the 
technical coefficient for nurses in "other" hospitals as a 
whole, there is reason to believe the former is representative 
of the latter. In any event, data on nurses employed in 
"other" hospitals is not available for 19i|6 through 19^ 8, 
Table 66, Nurses employed and nurse-patient ratios, tubercu­
losis hospitals. United States, 1946 - 1950^  
Year Nurses Nurses/patients 
1946 4,782 ,0772 
1947 5\984 .0956 
1948 6,392 .0961 
1949 6,551 .0943 
1950 6,734 .0930 
^•Soupces: (20, page 121) (21, page 36) (19, pages 25 and 
34) (23, pages 1067 and 1077) (18, pages I387 and 1395). 
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The denominator for the nurse-patient ratios are the 
average daily census figures for tuberculosis hospitals found 
in Table Since the absolute change in the ratio from 
1948 - 195*0 is less than from 19^ 6 - 1948, the log transforma­
tion was applied to the time variable before computing the re­
gression, Regressing the ratio of nurses to average daily 
census in tuberculosis hospitals over the 19^0 - I96O period 
on the logarithm of time, coded such that 191|6 = 1, yields 
nurses/patients = .08209 + ,02200 logt, The correlation coef­
ficient is .76, which is not significant at the 5"^ level. 
Another means exists for estimating technical coefficients 
for professional nurses in hospitals. In 195'0, 90^ of all 
professional nurses employed in hospitals were employed in 
short-stay hospitals, 5'*5'> were employed in nervous and mental 
hospitals, and the remaining were employed in "other" 
hospitals (20, page 121), Assuming these percentages to be 
constant over the 194& - 19^0 period, we can derive the fol­
lowing figures. 
Dividing the estimated nurses employed in each of the 
hospital service categories by the average daily census for 
hospitals in the category (Table 45") yields the ratios in 
Table 68, 
Absolute increases in all three series of ratios are 
greater from 19^6 to 194-8 than from 1948 to 19^0, Therefore, 
the log transformation was applied to the time variable prior 
to computing the regression equations, 
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Table 67. Nurses employed in all hospitals, 19^6 - 19^0 and 
estimated number employed in hospitals by service 
code®-
Year 
All 
hospitals 
Employment 
Short-stay Nervous and mental 
hospitals hospitals 
"Other" 
hospit als 
1946 
1947 
1948 
1949 
19^ 0 
146,602 
167,334 
196,120 
199,293 
203,389 
131,942 8,063 
130,619 9,204 
176,308 10,787 
179,366 10,961 
187,784 11,263 
6,597 S:S 
8,968 
9,342 
^•Source: Column 1 (109, page 70). 
Table 66, Ratio 
tals, 
1946 
-
of nurses to average daily census in hospi-
by hospital service code. United States, 
' 1930* 
Year Ratio of nurses to patients in; 
Short-stay Nervous and mental 
hospitals hospitals 
"other" 
hospitals 
1946 
1947 
1948 
1949 
195b 
.2332 
.3134 
.3830 
.3992 
.4148 
.0127 
.0141 
.0162 
.0162 
.0164 
.0762 
.0833 
.0936 
.0892 
.0911 
^Source: Computed from Table and Table 67. 
Regressing the ratio of nurses in short-stay hospitals to 
average daily census in these hospitals on the logarithm of 
time, coded 1946 = 1, yields nurses/patients = ,25'423 + .23974 
log t. The correlation coefficient is .99. Substituting 
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t = 15" yields an estimated i960  ratio of .53619. This repre­
sents a 29.3^ increase over the 195*0 - i960 decade. The in­
crease in the technical coefficient was previously estimated 
as 29.8^ using other data. The difference between these esti­
mates Would amount to approximately 1,000 nurses in I960, The 
29,6^ figure was used herein, because it was felt that the 
assumptions used in its derivation were more reasonable than 
those used in the other forecast. 
Regressing the ratio of professional nurses in nervous 
and mental hospitals in 19^6 - 195*0 on the logarithm of time, 
coded 19^.6 = 1, yields nurses/patients = .012?^ + .00^75 logt. 
The correlation coefficient is .96. Substituting t = 1^ in 
i960 yields an estimated ratio of .0195'1 for that year. This 
is a I9.O/0 increase over the 19^0 ratio of ,0161|. It was pre­
viously estimated that the technical coefficient for profes­
sional nurses in nervous and mental hospitals would increase 
by 22^ over the 195*0 - I960 decade. The difference between 
these two estimates would amount to about 380 nurses in I960, 
The 22^ figure is used herein, because it is felt that the 
data used in its derivation is more reliable than the esti­
mated data used in obtaining the forecast 19^ increase. 
Regressing the ratio of professional nurses employed in 
"other" hospitals to average daily census in these hospitals 
on the logarithm of time for the 19^6 - 1950 period yields 
nurses/patients = .07806 + .02179 log t. Time is coded 19^ .6 = 
1, The correlation coefficient is ,88, which is significant 
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at the .0^ level. Substituting t = 15 in i960 yields an esti­
mated ratio of ,10369 for that year. This represents a 13.8^  
increase over the ten year period. Applying this same per­
centage increase to the 19^0 technical coefficient for profes­
sional nurses employed in "other" hospitals of ,2[|67 (Table 
27) yields a forecast I960 technical coefficient of .2807. 
This is entered in Table 76. Note that the correlation coef­
ficient of ,88 is barely significant, while the correlation 
coefficient of ,76 derived in regressing the nurse/patient 
ratio in tuberculosis hospitals was just barely non-significant 
at the 5"^ level. Our procedure of assuming the same percent­
age distribution of nurses among the three classes of hospital 
service as prevailed in 195'0 for all years in the 194-6 - 195*0 
period probably smooths the data somewhat. The linearity 
which we found in the last regression may be contrived, not 
actual. It is possible that no change should have been fore­
cast for the technical coefficient for nurses in "other" hos­
pitals, instead of the 13,80 increase actually forecast. The 
difference would have amounted to slightly over 1,300 nurses 
in i960. 
In deriving the estimated number of nurses engaged in en­
vironmental health services in 195^0, the number employed in 
public health was used, A time series is available on the 
latter magnitude. Since the absolute increase in the nurse-
population ratio for 19^ 8 - 19^ 0 is greater than for 19^ 6 -
1948, the linear function of time was used for the regression 
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equation. Excluding the war years, regressing the ratio of 
nurses employed in public health to total population on time 
for the period 191+6 - 19^0 yields nurses/population = ,13^06 + 
.00^9t. Time is coded 19^6 = 1. The correlation coefficient 
is ,98, Substituting t = 1^ in i960 into the above equation 
yields an estimated nurse-population ratio of .2086 for that 
year. This is a 29.2^ increase over the 195*0 - I960 decade. 
This same percentage increase was applied to the 195*0 techni­
cal coefficient for nurses engaged in health service code 6 to 
obtain the forecast I96O technical coefficient shown in Table 
76. 
Table 69. Professional nurses employed and nurse-population 
ratio, public health services, 1943 - 195'0®-
Year Nurses Nurses/population^ 
1943 20,312 .1479 
1944 20,509 .1473 
1942 20,306 .1438 
1946 20,126 .1407 
1947 20,928 .1446 
1948 22,006 .1498 
1949 22,667 .1223 
195*0 24,330 .1614 
^Source; (109, page 70). 
^Nurses per 1,000 population. Population was estimated 
by assuming a linear trend between the 19l|0 and 195*0 census 
figures (93, page 7). 
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No reliable data exists on the number of nurses engaged 
in health service code i|, nor on the utilization of physicians 
services for years prior to 19^0. No change was forecast in 
the technical coefficient for this category. Most of the 
nurses assigned to health service code 7, "other health" 
services, are private duty nurses. No data is available on 
trends in private duty nursing for the late 19Ii.0's, but in the 
1930*8 "nurses were tending to leave private duty nursing be­
cause of unsatisfactory economic conditions" (131, page 3). 
In 19^0, 29.1^ of all professional nurses were employed out­
side of hospitals and physicians' offices, while the same fig­
ure for 1941 was Ij.3^ (Table 27 and I3I, page 3). However, the 
1950 technical coefficient for this group was ,725'2, while a 
1941 figure based on fragmentary data (131, page 3) indicates 
a technical coefficient of about ,5600, The available data 
does not allow estimation of the magnitude of change in the 
technical coefficient for nurses engaged in the provision of 
^'other health" services. No change was forecast. 
Practical Nurses 
Data on practical nurses in nervous and mental hospitals 
is aggregated in Public Health Service publications into a 
category called "other nurses and attendants". 
The denominator for the "other nurses and attendants" to 
patients ratio is found in Table l|i|., The absolute increase in 
the ratio is greater in the 19^6 - 1948 period than in the 
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Table 70, "Other nurses and attendants" employed and ratio to 
. average daily census, state hospitals for mental 
disease and psychopathic hospitals, United States, 
19/46 - 19^0* 
Year Other nurses and^ Other nurses and 
attendants attendants/patients 
1946 38,337 .0860 
1947 42,713 .0942 
1948 48,982 .1023 
1949 26,209 .1182 
1920 29,392 .1222 
^•Sources: (120, page 60 ) (121, page 60)  (119, page I97)  
'Snployment data derived 
workers equals one full time. 
^ by assuming two part-time 
1948 - 1950 period. Hence, the log transformation was applied 
to the time variable prior to computing the regression. Re­
gressing the ratio-of "other nurses and attendants" to average 
daily census on the logarithm of time over the 1946 - 1920 
period yields "other nurses and attendants"/patients = ,08271 + 
,05446 logt, Time is coded 1946 = 1, The correlation coeffi­
cient is ,97, Substituting t = 12 in I960 into the above 
equation yields a forecast I96O ratio of ,14676. This repre­
sents a 19.80 increase over the ten year period. Applying 
this same percentage increase to the 1920 technical coeffi­
cient for practical nurses employed in nervous and mental hos­
pitals (Table 27) yields an estimated I96O technical coeffi­
cient of ,1132.  This is entered in Table 76,  
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It is particularly difficult to estimate the number of 
practical nurses employed in hospitals by type in 19^6 -
because the data for these years aggregates practical nurses 
and attendants, and the breakdown of employment by type of 
hospital differs from that used in 1949 - 1950. In 1950, 
L|.1.7^ of all practical nurses and attendants employed in hos­
pitals were in short-stay hospitals, ^O.ij./^ were in nervous and 
mental hospitals, and 7.9?» were in "other" hospitals (20, page 
122). In 1949, 36.2^ were in short-stay hospitals, 55.3^ in 
nervous and mental hospitals, and 8.5>o were in "other" hospi­
tals (21, page 37). In the following table, the figures on 
total practical nurses and attendants employed in hospitals 
for all years, as well as the brealcdown by type of hospital in 
1949 and 195*0 are actual figures from the sources cited. The 
breakdown for 19^6 - 19^8 is derived by applying the average 
of the percentage figures for 19^9 and 195*0, given above, to 
the total employment figures. Thus, for 1946 - 1948, 5'2.8^ of 
all practical nurses and attendants were assumed to work in 
nervous and mental hospitals, 39.0Î& in short-stay hospitals, 
and 8,2^ in "other" hospitals. 
Dividing the following figures on employment in hospitals 
by type by the average daily census in each class of hospital 
for respective years (Table 45") yields the ratios in Table 72. 
For all three series of ratios, the absolute increase in 
the ratio over the 1948 - 195b period was less than for the 
1946 - 1948 period. Hence, the log transformation was applied 
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Table 7I. Practical nurses and attendants employed in hospi­
tals, total and by type of hospital United States, 
1946 - 195b& 
Year Practical nurses and attendants employed 
Total Short-stay Nervous and mental "Other" 
hospitals hospitals hospitals 
1946 
1947 
1948 
1949 
1950 
96,092 37,475 50,737 
119,746 46,701 63,226 
141,834 55,316 74,888 
151,669 54,995 83,802 
181,642 75,843 91,483 
7,880 
9,819 
11,630 
12,872 
14,316 
(18, 
^Sources: (20, page 122) (21, page 37) (19, 
page 1395) (23, page 1077). 
page 3 4 )  
Table 72, Ratio of practical nurses and attendants to average 
daily census in hospitals, by type of hospital. 
United States, 1946 - 1950 
Year Practical nurses and attendant s/patient s in 
Short-stay Nervous and mental "Other" 
hospitals hospitals hospitals 
1946 
1947 
1948 
1949 
1950 
.0725 .0798 
.0978 .0970 
.1207 .1127 
.1224 .1241 
.1675 .1331 
.0910 
.1115 
.1233 
.1281 
.1396 
to the time variable prior to running the regressions. Re­
gressing the ratio of practical nurses and attendants employed 
in short-stay hospitals to average daily census in these hos­
pitals on the logarithm of time, coded I94& - 1» yields 
22^ 
practical nurses and attendants/patients = ,06672 + .11894 
logt. Substituting t = 15" in I960 into the equation above 
yields an estimated I960 ratio of .20660, The correlation co­
efficient for the above regression is .93, The ratio of 
,20660 represents a 23,3fo increase over the 195*0 ratio. Ap­
plying this same percentage increase to the 19^0 technical co­
efficient for practical nurses employed in short-stay hospi­
tals (Table 27) yields an estimated i960 technical coefficient 
for this category of ,1|I|.73. This is entered in Table 76,  
Regressing the ratio of practical nurses and attendants 
in nervous and mental hospitals to average daily census in 
these hospitals on the logarithm of time, coded 19^6 = 1, 
yields practical nurses and attendants/patients = ,07745* + 
,0767 log t. The correlation coefficient is ,99, Substi­
tuting t = 15" into this equation yields a forecast ratio of 
,16766 for i960. This is an increase of 2.6,0% over the 195'0 
ratio. Multiplying this same percentage times the 195*0 techni-
cal coefficient for practical nurses employed in nervous and 
mental hospitals, and adding, yields a forecast I960 technical 
coefficient of .1191 for this category. We previously esti­
mated this at .1132, using other data. This represents a dif­
ference of slightly less than 1,600 practical nurses in I96O, 
The .1132 figure is used herein because it is felt that the 
data used, in its derivation is more reliable than the data 
used to derive the forecast of ,1191, 
Regressing the ratio of practical nurses and attendants 
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employed In "other" hospitals to average daily census in these 
hospitals over the 19^6 - 19^0 period on the logarithm of time 
yields practical nurses and attendants/patients = .09100 + 
,06661 log t. Time is coded 19^.6 = 1. The correlation coef­
ficient is .99. Substituting t = 15" into the above equation 
yields an estimated ratio of .16934 for I960, This represents 
a 21,3^ increase over the ten year period. Multiplying the 
1950 technical coefficient for practical nurses in "other" 
hospitals of .3399 (Table 27) by 121,3^ yields the estimated 
i960 technical coefficient for this category of .I|123. This 
is entered in Table 7 6 .  
No data is available regarding changes in the technical 
coefficient for practical nurses employed in providing "other 
health" services. No change was forecast in this coefficient 
for the 195*0 - I960 period. 
Aides, Orderlies, and Attendants 
Some data is available on aides and orderlies employed in 
all hospitals as a whole. This is shown in Table 73 below. 
In 195*0, 90.00 of all aides and orderlies employed worked in 
short-stay hospitals, 3.1^ in nervous and mental hospitals, 
and 6.9;j in "other" hospitals (Table 27). Assuming these per­
centages to be constant yields the data on employment by hos­
pital service category shown in Table 74# Dividing each of 
these employment series by the average daily census in each 
type of hospital for respective years (Table ij.^) yields the 
227 
Table 73. Aides and orderlies employed in all hospitals. 
United States, 1946 - 195*0^ 
Year Aides Orderlies Total 
1946 12,804 37,234 2b,038 
1947 9,688 31,813 41,501 
1948 11,5^2 35\788 47,300 
1949 53,169 24,970 83,139 
195b 64,634 24,5^3 89,177 
^Sources: (20, page 122) (21, page 37) (19, page 14) 
(18, page 13951 (23, page 1077). 
Table 74» Estimated aides and orderlies employed in hospitals, 
by type of hospital, United States, 1946 - 1950 
Year Short-stay Nervous and mental "Other" 
hospitals hospitals hospitals 
1946 
1947 
1948 
1949 
195b 
45,034 
37,351 
80,25% 
i,55ï 
1,286 
1,466 
i-Ml 
3,45) 
2,8611 
3,261» 
t-M 
ratios of aides and orderlies to patients for the three 
classes of hospitals shown in Table 75. 
Since the changes in all ratios are greater from 1948 to 
1950 than from 1946 to 1948, the linear function of time was 
used for all three regressions. Regressing the ratio of aides 
and orderlies to average daily census in short-stay hospitals 
on time yields aides and orderlies/patients = ,0398 + ,02687t. 
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Table 75". Ratio of aides and orderlies employed to average 
daily census in hospitals, by type of hospital. 
United States, 19^6 - 1950 
Year Short-stay Nervous and mental "Other" 
hospitals hospitals hospitals 
1946 .0871 .0024 .0399 
1947 .0782 .0020 .032^  
1948 .0929 .0022 .0346 
1949 .1665 .0038 .0571 
1950 .1773 .0040 .0600 
where time is coded 1946 =1.  The correlation coefficient is 
.90. Substituting t = 15" yields an estimated ratio for I960 
of .4429. This represents a 149.8/^ increase over the ten year 
period. In the previous section, we forecast an increase in 
the technical coefficient for practical nurses and attendants 
of 23,3^  over the 195*0 to I96O period. Since 35".8^  of all 
aides, orderlies, and attendants in short-stay hospitals in 
195*0 were classified as attendants (Table 26), the increase in 
the technical coefficient for aides, orderlies, and attendants 
in short-stay hospitals was estimated by taking 3^.8# of 23.3/^ 
and adding 64.2^ of 149.8^. This average increase is 104.5"^. 
This same percentage increase applied to the 195*0 technical 
coefficient of .7478 (Table 27) yields the forecast I960 tech­
nical coefficient of 1.5*293 found in Table 76. 
Regressing the ratio of aides and orderlies in nervous 
and mental hospitals to average daily census in these 
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hospi ta ls  on t ime,  coded 19i |6  = 1 ,  yields  a ides  and order l ies /  
pat ients  = ,00138 + .0005' t .  The correlat ion coeff ic ient  i s  
,8i j . .  Subst i tut ing t  = 15" y ie lds  an est imated I96O ra t io  of  
.00888, This  i s  a  122,0^ increase over  the 1950 -  I96O decade.  
In  the previous sect ion,  we forecast  an increase in  the tech­
nical  coeff ic ient  for  pract ical  nurses  and a t tendants  in  
nervous and mental  hospi ta ls  of  19.870.  Since 96,6;^  of  a l l  
a ides ,  order l ies ,  and a t tendants  in  nervous and mental  hospi­
ta ls  in  1950 were c lass i f ied as  a t tendants  (Table  26) ,  the  in­
crease in  the technical  coeff ic ient  for  aides ,  order l ies ,  and 
a t tendants  in  nervous and mental  hospi ta ls  was forecast  by 
taking 96,6^ of  19,8^ plus  3 of 122.0^.  This  average in­
crease is  23.3^.  Applying this  percentage to  the 195*0 techni­
cal  coeff ic ient  of  .3230 (Table  27) yields  the forecast  I960 
t e c h n i c a l  c o e f f i c i e n t  o f  . 3 9 8 3  f o u n d  i n  T a b l e  7 6 ,  
Regressing the ra t io  of  a ides  and order l ies  to  average 
dai ly  census in  "other"  hospi ta ls  on t ime,  coded 19^6 = 1 ,  
produces the equat ion aides  and order l ies /pat lents  = ,025 '38 + 
.006i j .8t .  The correlat ion coeff ic ient  i s  .797,  which i s  not  
s ignif icant  a t  the level .  In  the absence of  other  data ,  no 
change was forecast  for  the technical  coeff ic ient  for  aides  
and order l ies  in  "other"  hospi ta ls .  In  the previous sect ion,  
we forecast  an increase of  21.3p for  the technical  coeff ic ient  
for  pract ical  nurses  and a t tendants  in  "other"  hospi ta ls .  
Since [{Ij . .L{.^  of  a l l  a ides ,  order l ies ,  and a t tendants  in  "other"  
hospi ta ls  in  195*0 were c lass i f ied as  a t tendants  (Table  26) ,  
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the  increase in  the technical  coeff ic ient  for  a ides ,  order l ies ,  
and a t tendants  in  "other"  hospi ta ls  was forecast  by taking 
of  21,3^.  This  yields  an est imated increase of  9.5"^ 
over  the ten year  per iod.  Applying this  percentage increase 
to  the 195*0 technical  coeff ic ient  of  .3698 (Table  27)  yields  
the forecast  technical  coeff ic ient  of  .^0^.9 for  this  category 
f o u n d  i n  T a b l e  7 6 ,  
S ani t  ary Sng ine er  s  
The only data  avai lable  on sani tary engineers  i s  for  the 
census years ,  Bachman (25",  page ^G) reports  1 ,960 sani tary 
engineers  in  19^0,  and i | , I j .96 in  195'0.  Dividing each of  these 
f igures  by to ta l  populat ion in  the respect ive years  yields  a  
sanitary engineer-population ratio of ,0149 in 19^0 and ,0298 
in  195b.  Project ing the t rend to  I960 yields  a  ra t io  of  ,0i ; i |7  
for  that  year .  This  represents  a  50.0!^ increase over  the ten 
year  per iod.  Applying this  same percentage Increase to  the 
technical  coeff ic ient  for  sani tary engineers  in  195*0 (Table  
27) yields  an est imated I96O coeff ic ient  of  .05*97.  This  i s  
e n t e r e d  i n  T a b l e  7 6 .  
Sanitar ians  
Bachman (25",  page 5*8)  l i s ts  a  total  of  9^0 sani tar ians  
employed in  195^0.  Mountain (73,  page 65)  l i s ts  3,675* sani­
tar ians  employed ful l  t ime for  s ta te  and local  heal th  services .  
Thus,  approximately 74^ of  a l l  sani tar ians  were engaged in  
s ta te  and local  heal th  services  in  195*0,  Trends in  the 
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employment  of  a l l  sani tar ians  wil l  be forecast  herein by ana­
lyzing t rends in  the employment  of  sani tar ians  by s ta te  and 
local  heal th  services ,  s ince this  i s  the only data  avai lable .  
In  19^6,  there  were L| . ,8 l |8  fu l l  t ime sani tary personnel ,  
excluding sani tary engineers ,  employed by s ta te  and local  
heal th  services  (72,  page 72) .  In  19^0,  sani tar ians  made up 
^6.9^ of  "sani ta t ion personnel ,  excluding sani tary engineers ,  
employed by state and local health services" (73, page 65"). 
Assuming th is  percentage holds  for  191|6 as  wel l ,  we der ive es­
t imated employment  of  sani tar ians  by s ta te  and local  heal th  
services  of  2 ,759 in  1946.  Dividing these employment  f igures  
by total population yields ratios of .0193 in 194-6 and .02i|3 
in  19^0.  Est imat ing the I96O ra t io  by extrapolat ing the t rend 
between these two numbers  y ie lds  ,0368. This  represents  a  
^1,1^.% increase over  the ten year  per iod.  Applying this  same 
percentage increase to  the technical  coeff ic ient  for  sani tar­
ians  in  19^0 of  .0332 (Table  27) yields  a  forecast  I960 tech­
nical coefficient of .0^ 03. This is entered In Table 76, 
Summary 
Figure 5  gives  a  numerical  demonstrat ion of  the  equal i ty  
A^ Q M^ Q  = ,  Table  76 summarizes  the forecast  technical  co­
eff ic ients  (A^g),  and Table  77 shows employment  by occupat ion 
and service code in  I96O as  forecast  by the naive model .  
Table  78 l i s ts  the percentage increases  in  employment  as  fore­
cast  by the naive model  over  the 1950-1960 per iod,  taken to  
.1249 
.0126 
.0498 
.2210 
.1226 
.0363 
.0023 
1.4348 
.#73 
1.2293 
.0174 .1222 .2024 
.0011 .0126 
.0066 .0611 
.0021 .0484 .0120 
.0021 .0120 
.0020 
.0187 .0068 
.0037 
.0016 .0024 
.0339 
.0242 .2807 
.1132 .4123 
.3983 .4049 
.0243 
.2927 .0042 
.3027 
.0182 
.0169 
.2082 
.0297 
.0203 
.6384 
.1382 
.0642 
.2196 
.1222 
.1036 
.0262 
.0023 
.0381 
.1172 
.7222 
.2621 
X 
203,481 
269,222 
39,042 
839,026 
272,424 
179,323 
179,323 
213,408 
118,260 
§:l'n 
27,493 
72,193 
21,913 
18,278 
6,046 
2,307 
9,333 
83,922 
83,380 
11,928 
230,218 
184,630 
434,326 
10,706 
9,020 
Figure 2. = X 
60 
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the  1950 base.  Comparison of  the  forecast  with actual  employ­
ment  in  i960 and evaluat ion of  the  forecasts  i s  deferred to  
chapter  th i r teen.  
Table J 6 ,  Forecast  technical  coeff ic ients  for  I96O 
Occupat ion code 
1  2 
Service code 
3 h 5 6 7 
1 .1249 .0174 .1252 .2054 .0339 
2 .01^ 6 .0011 .0156 - - - .6384 
3 - - - - - .1385 
h .0498 .0066 .0611 - - - .0642 
.2210 .0021 .048I4 .0120 — - -
6 .15^ 6 .0021 .0150 - - - .2196 
7 — - - - - - .1222 
8 - - - - - - .1036 
9 - .0050 — - - - .0262 
10 - .0187 .0068 - - - -
11 .0363 .0037 - - - — .0053 
12 .00^ 3 .0016 0
 
0
 
-
.2957 .0042 -
13 - - - - .3027 - — 
- - - - .0185 - .0381 
15 - - - - .0169 - .1175 
16 1.4348 .2807 .0543 - .2085 .7252 
17 .#73 .1132 .4123 - - - .2621 
18 1.5293 .3983 .4049 - - - -
19 - - - - - .0597 -
20 - - - - -
.0503 -
Table 77* Employment  cross  c lass i f ied by occupat ion and service category as  
forecast  for  I960 using the naive model  
Occupat ion code Service code 
5  1  2 3 4 6 7 Total  
1  25,415 4,690 4,888 172,336 6,079 213,408 
2 3,174 297 609 - - - 114,480 118,560 
3 - — - - - 24,836 24,836 
h 10,133 1,779 2,386 — - - 11,513 25,811 
1A,969 566 1,890 10,068 - - — 57,493 
6 31,662 566 586 - - - 39,379 72,193 
7 - - - - - - 21,913 21,913 
8 - - - - - - 18,578 18,578 
9 - 1,348 - - - - 4,698 6,046 
10 — 5,041 266 - - - - 5,307 
11 7,386 997 - - — - 950 9,333 
12 1,078 431 211 - 753 - 83,925 
13 - - - 83,380 - - 83,380 
ih - - - - S,096 
h.&sS 
- 6,832 11,928 
15 — - -
45,559 
- 21,070 25,725 
16 291,955 14,610 10,960 37,389 130,045 530,518 
17 91,017 30,514 16,098 - - - 47,001 184,630 
18 311,183 107,364 15,809 - - - - 434,356 
19 - - - - - 10,706 - 10,706 
20 9,020 9,020 
Table 78.  Percentage increase in  employment ,  I960 forecast  by naive model  over  
19^0 actual ,  cross  c lass i f ied by occupat ion and service category 
Occupation code 
1 2 
Service code 
3 4 5 6 7 Tot al 
1 39.2 ^9.1 17.9 10.2 19.0 14.2 
2 21.9 22.7 3.0 - - - 17.2 17.3 
3 - - - - - - 24.2 24.2 
h 21.7 3.2 — - - 19.1 17.3 
S 92.^ 22.0 63.4 100.5 - - - 91.6 
6 161.0 22.0 60.5 - - - 120.7 134.4 
7 - - - - - - 14.1 14.1 
8 - - - - - - 4.4 4.4 
9 - 175.1 - - - - 87.2 101.5 
10 - 146.7 3.5 - - - - 130 .7 
11 123.8 100.2 - - - - 18.5 102.9 
12 22.4 21.4 3.4 - 6,0 19.3 - 6.3 
13 - - - 51.1 - - 51.1 
lU - - - » 41.6 - 100.9 70.4 
15 - - - — 41.1 - 19.0 22.^ 
16 5%.o 29.7 17.3 26.6 - 53.7 19.0 41.5 
17 61.3 27.2 25.1 - - - 19.0 34.8 
18 148.9 30.9 12 .9 - - - - 96.5 
19 - - - - - 78.4 - 78.4 
20 - - - - - 80.4 - 80,4 
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CHAPTER X. FORECASTING DEMAND COEFFICIENTS 
IN TESTING PROCESS 
As be evident given the difficulty encountered in 
estimating excess demand as of 19^0, it is extremely difficult 
to find data which will allow forecasting of changes in demand 
coefficients. On the other hand, it is more reasonable to 
assume that demand coefficients will change slowly over time 
than it is to make the same assumption regarding technical co­
efficients. Technical coefficients are affected by changes in 
supply as well as changes in the production function, while 
demand coefficients are a function of the latter only. For 
this reason, as well as the lack of data, a large number of 
demand coefficients are herein assumed unchanged over the 
195^ 0 - I960 period. 
Information uncovered in the process of forecasting the 
technical coefficients for I960 in the naive model is very 
useful in this section as well. For example, if the forecast 
technical coefficient for I96O is greater than the forecast 
demand coefficient for that same year, one forecast or the 
other must be inaccurate. This situation would imply a nega­
tive excess demand, which is not possible given my definition 
of the concept, Hnployment trends alone are not sufficient to 
forecast demand, but employment cannot be greater than demand. 
For occupation-service categories where no excess demand 
was estimated in 19^0, it is reasonable to assume that forecast 
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changes In the demand coefficients will be the same as fore­
cast changes in the technical coefficients, given that I did 
not explicitly incorporate supply considerations into my fore­
cast of the technical coefficients. 
Time series data on total demand, i.e. employment plus 
budgeted vacancies, is available for personnel employed in 
state hospitals for meïital disease and psychopatic hospitals. 
This is shown in the following table. 
Table 79. Positions filled and vacant, state hospitals for 
mental disease and psychopathic hospitals, selected 
occupations, 1914.6 - 19^0^ 
Occupation 1946 1947 1948 1949 1950 
Physicians^ 1,793 1,992 2,1^6 2,^20 2,620 
Pharmacists 144 149 162 183 186 
Dieticians 273 281 299 342 312 
Dentists 190 230 245" 272 279 
Professional nurses 4,344 2,l80 2,423 6,197 6,412 
Psychologists 120 213 231 304 444 
Laboratory and 
x-ray technicians 407 493 242 624 744 
Other nurses and 
attendants 44,667 47,044 2l,72l 60,762 62,723 
Occupational therapists 1,062 1,101 1,194 1,638 1,747 
Physical therapists® 294 327 372 2l3 470 
^Source: (94, page 123) (122, page 63) (120, page 62) 
(121, page 64) (119, page 200), 
^Includes clinical directors, pathologists, medical 
specialists, and staff physicians, 
^Includes physiotherapists and hydrotherapists, 
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Dividing the demand figures by the average daily census 
in these hospitals for respective years (Table i|.l),) yields the 
ratios shown in the following table. 
Table 80. Ratio of positions filled and vacant to average 
daily census in state hospitals for mental disease 
and psychopathic hospitals, selected occupations, 
1946 - 1950® 
Occupation 1946 1947 1948 1949 1950 
Physicians^ .00402 .00441 .00473 .00528 .00540 
Pharmacists .00032 .00033 .00036 .00038 .00038 
Dieticians .00061 .00062 .00066 .00072 ,00064 
Dentists .00043 .00051 .00054 .00057 .00058 
Professional nurses .00975 .01146 .01189 .01299 .01323 
Psychologists .00027 .00047 .00051 .00064 .00091 
Laboratory and 
.00153 x-ray technicians .00091 .00109 .00119 .00137 
Other nurses and 
attendants .10024 .10408 .11346 .12739 .12943 
Occupational therapists .00239 .00244 
.00078 
.00262 .00343 .00360 
Physical therapists® .00066 .00082 .00108 .00097 
^Source: Tables and 79. 
^Includes clinical directors, pathologists, medical 
specialists, and staff physicians. 
^Includes physiotherapists and hydrotherapists, 
Regressing the above series on time, coded 19lj.6 = 1, 
yields the regression equations summarized in the following 
table. Substituting t = l5 into each equation yields a I960 
estimated ratio. The percentage increase in the forecast 
ratio from 19^0 - I960 is then computed, as shown in the 
table. Finally, these percentage increases were applied to 
2Z|0 
the 195^0 demand coefficients for the various occupation groups 
in health service code two, as found in Table 27, and the re­
sults entered in Table 8/4. as the forecast i960 demand coeffi­
cients for these categories. The percentage increase for 
''laboratory and x-ray technicians" was applied to both of 
these occupations individually. The percentage increase for 
"other nurses and attendants" was used for practical nurses. 
Since 96.6^ of all aides, orderlies and attendants in nervous 
and mental hospitals in 195^0 were classified as attendants 
(Table 26), the percentage increase in the ratio of demand to 
average daily census for "other nurses and attendants" was 
used for occupation code I8 as well. The equation for dieti­
cians was not used, as the correlation coefficient is not sig­
nificant at the 5^ level. No change was forecast in the de­
mand coefficient for dieticians and nutritionists in nervous 
and mental hospitals over the 19^0 - I960 period. 
Budgeted vacancy data on a time series basis is not 
available for any occupation-service category other than those 
given above. The remainder of this section is devoted to an 
analysis of trends in technical coefficients as estimated in 
deriving the naive model, as these trends affect the demand 
coefficients. The analysis is divided into sections by occu­
pation. 
Table 81, Squations for regression of ratio of total demand to average daily 
census in state hospitals for mental disease and psychopathic hospitals 
on time for selected occupations, 194& - 195o 
Occupation Regression equation Correlation Percentage 
coefficient Increase, 
19^ 0 - i960 
Physicians R .003679 + .000363 t ,988 69.0 
Pharmacists R .000303 + .000017 t .966 46.8 
Dieticians R = .000602 + .000016 t .580 _a 
Dentists R = .000418 + .000036 t .945 49.7 
Professional nurses R .009317 + .000849 t .963 66.7 
Psychologists R = .000125 + .000145 t .970 152.7 
Laboratory and x-ray technicians R = .000762 + .000152 t .997 98.8 
Other nurses and attendants R .090413 + 
.001873 + 
,008169 t .976 64.5 
Occupational therapists R .000341 t .938 94.1 
Physical therapists R .000586 + .000092 t .883 102.7 
®Not computed. Correlation coefficient not significant at the level. 
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Physicians 
The demand coefficients for physicians in health service 
codes 1, 3, and 6 were assumed unchanged over the 19^0 - I960 
period. We forecast a decrease of 12.9^ in the technical co­
efficient for physicians in health service code Ij. over the 
195^0 to i960 decade under the naive model. This decrease is 
due to a forecast increase in physician productivity, which 
would make it appear at first glance that the demand coeffi­
cient should be decreasing as well. However, we must remember 
that demand for self employed persons is defined as the number 
of persons who would be employed in that occupation if no 
impediments to entry other than those necessary to safeguard 
the quality of service were present. If physician productiv­
ity increases, ceteris paribus, average rates of return to 
investment in training in medicine will rise, causing more 
persons to desire to enter medicine and increasing demand as 
we have defined it. In addition to the forecast rate of pro­
ductivity increase, the final result is dependent upon the 
forecast rate of change in the index of physicians* fees, 
total costs of obtaining the training necessary to enter the 
medical profession, and the internal rate of return in alter­
nate fields. Physicians* fees in the 1940*s were not rising 
as rapidly as the cost of living index as a whole. The index 
of general practitioners* fees rose 39.2^ from 1940 to 19^0, 
and 14.2^ from 1946 to 19^0, The index of surgeons* fees rose 
41,2^ from 1940 to 1950, and 1^,0^ from 1946 to 19^0 (61, 
2k3 
page 10^5). The consumer price index rose a total of 71,7^ 
from 1940 to 19^0 and 23.3# from 1946 to 19^0 (38, page . 
The internal rate of return for physicians dropped from 13.5"^ 
in 1939 to 13,in. 1949, while the same rate for male college 
graduates as a whole dropped from 13.7# in 1939 to 11.5^ in 
1949 (^3, page 86). Forecasting any trend in this latter 
magnitude on the basis of two observations is dangerous. 
Assuming that increases in the price index for physi­
cians* services during the war years are nontypical, we can 
forecast increases in this index on the basis of 1946 - 19^0 
data. It may be noted that this forecast will probably be 
hi^er than the actual by an inestimable amount, as price 
changes during the 1946 - 195*0 period were also affected by 
the aftermath of World War II. The index denoted "average" 
below is the simple average of the index of fees for general 
practitioners* services and the index of surgeons* fees. 
Table 82. Selected price indices, 1946 - 19^0^ 
Year General practitioners* fees Surgeons* fees Average 
19ii6 91.1 90.9 91.0 
1947 96.9 96.2 96.6 
1948 100.6 101.0 100.8 
1949 102.5 102.9 102.7 
1950 104.0 104.5 104.3 
^Source: (61, page 1055). 
m 
Regressing the average index on time, coded 19^6 =1, for 
the period 191+6 - 19^0 yields average index = 89.27 + 3.2? t. 
The correlation coefficient is .96, Substituting t = 1^ for 
i960 into the above equation yields a forecast fee index for 
i960 of 138,32, which represents a 32.6^ increase over the 
1950 figure. At this point it is convenient to introduce some 
notation. Let IP^ denote the index of physician productivity 
in year t, IP^ denote the index of physicians* fees in year t, 
and denote median gross income in year t. It is then an 
identity that = IP^, by Garbarino's computations (^0, 
page 11). We have forecast that IP^^ = 1.129 IP^g and = 
1,326 Manipulation of the identity above yields = 
(1.129 IP^Q) (1,326 IP^q). One additional substitution and 
multiplication yields = 1,5 i,e, median gross in­
come for physicians is forecast to increase by $0% over the 
19^0 to i960 period. This is almost exactly the same as the 
increase in average annual earnings for all industries and 
occupations which would be forecast by simple regression 
analysis. 
Regressing the following figures on time, coded 1946 = 1, 
yields average annual earnings = 2,2^0,0 + 1^6,6 t. The cor­
relation coefficient is .98. Substituting t = 1^ for I960 
into the above equation yields $i}.,599 as the forecast figure 
for average annual earnings in that year. This represents a 
52.9^ increase over the ten year period. Thus, it appears 
that increases in physicians* earnings will be roughly equal 
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Table 83. Average annual earnings per full-time employee, 
all industries, 1946 - 19^0^ 
Year Earnings 
1946 2,356 
1947 2,589 
1948 2,795 
1949 2,851 
1950 3,008 
^Source: (6I|, page 972) « 
to increases in average earnings for the labor force as a 
whole, expressed in percentage terms. To compute the change 
in demand, it would be necessary to know the entire series on 
expected lifetime income for physicians, and then to compute 
the expected internal rate of return. If we could also com­
pute changes in the expected internal rate of return on train­
ing for all male college graduates as a whole, we could make 
some estimate of demand changes for physicians. The above 
computations regarding are presented solely for the pur­
pose of indicating that demand would not be expected to change 
appreciably. 
Pharmacists 
No change was forecast in the demand coefficients for 
pharmacists employed in health service codes 1 and 3. In a 
previous section, it was estimated that no excess demand ex­
isted in 1950 for pharmacists in health service code 7, and 
2i^ 6 
that the technical coefficient would decrease from .6i|8l in 
1950 (Table 28) to .6384 in I960 (Table 76), Since in 19^0 
the technical coefficient equaled the demand coefficient, the 
same decrease was forecast for the demand coefficient. This 
assumes that excess demand will continue to be zero over the 
195^0 - i960 decade, 
Chiropract ors 
No excess demand was estimated for chiropractors in 195*0 
(Table 36), and the technical coefficient was forecast to in­
crease from ,1327 in 1950 (Table 27) to ,1385 (Table 76). 
Since there is no basis for assuming an increase in excess de­
mand, the demand coefficient was forecast to be the same as 
the technical coefficient in I960, 
Dieticians and Nutritionists 
No change was forecast in any demand coefficient for 
dieticians and nutritionists over the 1950 - I960 period. 
None of the forecast I960 technical coefficients (Table 76) 
are greater than the corresponding demand coefficients in 1950 
(Table 38), and no change was forecast in the technical coef­
ficients over the 1950 - I960 period using the naive model. 
In some cases, this alone would indicate that the demand coef­
ficients should be decreasing. If excess demand is positive, 
this should after some period of lag elicit a supply response, 
thereby increasing the technical coefficients. In this case 
this inference cannot be drawn, because the forecast of no 
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change in the technical coefficients for dieticians and nutri­
tionists is not based upon ^'informed judgementbut simply 
upon a lack of data. 
Medical Laboratory Technicians and Technologists 
Since the forecast technical coefficients for health 
service codes 1, 3, and ij. are all greater than the 19^0 demand 
coefficients (Tables 38 and 76), the former are used as the 
forecast demand coefficients, for reasons previously discussed. 
X-ray Technicians 
The forecast I960 technical coefficients for x-ray tech­
nicians in health service codes 1, 3, and 7 (Table 76) are all 
greater than the corresponding demand coefficients in 195^0 
(Table 38). The forecast I960 demand coefficients for these 
categories are the same as the technical coefficients forecast 
for that year. 
Opticians, Lens Grinders, and Polishers 
The technical coefficient for opticians, lens grinders, 
and polishers was forecast to decline from ,1274 i/' 19-0 
(Table 2?) to .1222 in I960 (Table 76). Since r,-
mand was estimated for this occupation in 195'C - • -- -
crease was assumed to apply to the demand coeï t. c-.-c A , 
Optometrists 
The technical coefficient for optometrists was forecast 
to decline from ,ll8l in 19^0 (Table 27) to ,1036 in I960 
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(Table 76). No excess demand was estimated for this occupa­
tion in 195b, so the same decrease was assumed to apply to the 
demand coefficient. 
Psychologists, Clinical and Other Health 
No change was forecast in the demand coefficient for 
psychologists in health service code 7» The 195*0 demand coef­
ficient (Table 38) is greater than the forecast I960 technical 
coefficient (Table 76). There is no reason to assume that de­
mand Would decrease over the 1950 - I960 period, and data is 
not available to allow estimation of an increase. 
Occupational Therapists 
The 19^0 demand coefficient for occupational therapists 
in "other" hospitals was assumed unchanged to I960. This is 
somewhat incongruous, in that we forecast an increase of 9J^.l^ 
in the demand coefficient for this occupation in service code 
2 (Table 81), and the original assignment of 257 occupational 
therapists to health service code 3 in 1950 was arbitrary. 
However, the purpose of dividing persons employed among sev­
eral service categories was to allow the coefficients for dif­
ferent service categories to change at different rates. The 
assumption that the demand coefficients for this occupation in 
service codes 2 and 3 change at the same rate would be no more 
grounded in fact than the assumption that the demand coeffi­
cient for service code 3 is unchanged. The assumption of no 
change in situations where information is unavailable is 
2i|9 
consistent with the method used throughout this study. 
Physical Therapists 
Since the 1950 demand coefficient (Table 38) is smaller 
than the forecast I960 technical coefficient (Table 76) for 
physical therapists employed in short-stay hospitals, the 
latter is used as the forecast i960 demand coefficient. The 
rationale behind this assumption was previously discussed in 
the section on chiropractors. 
Dentists 
Demand coefficients for dentists in health service codes 
1, 3, and 6 were assumed unchanged from 1950 to I960, The 
forecasting of the demand coefficient for dentists in health 
service code 5 is analagous to the forecasting of the demand 
coefficient for self employed physicians. We wish to estimate 
= IP Q^IP Q^, We have previously forecast IP^^ = 1.250 
IP^Q. Regressing data on the index of fees in Table 18 for 
the years 19^6 - 1950 on time, coded 19^6 = 1, yields IP = 
1211..35 + 6.91 t. The correlation coefficient is .98. Substi­
tuting t = 15 in i960 yields IP^  ^= 228,00. Then IP^  ^= 
1.455 IP^ Q, and = (1,455 IP^ q)(1,250 IP^ q) = 1,819 
Median income for dentists is forecast to increase by over 
80^ over the ten year period. In the section on forecasting 
demand coefficients for physicians, we estimated that average 
annual earnings for full-time employees in all industries 
would increase by approximately 50^  over the 1950 - I960 
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period. On the basis of this, it would be expected that total 
demand for dentists would also increase, assuming that train­
ing costs for all occupations increased at the same rate. As 
noted in the section on physicians, it is very difficult to 
estimate the overall change in demand without knowing the en­
tire series on expected lifetime earnings so that an internal 
rate of return can be computed. Because of this fact and the 
tenuous nature of the forecast of no change was forecast 
in the demand coefficient for dentists in service code 5"» The 
above discussion is presented only to provide the qualitative 
information that the demand coefficient would be expected to 
increase over the 195^0 - I960 period by some indeterminate 
amount. The assumption of a constant demand coefficient has 
no effect on the employment forecast generated by the recursive 
program, as the excess demand is already so large that the 
supply constraint for dentists is always binding. The la-
grange multiplier for dentists (Table li|3 ) would be larger if 
a larger demand were forecast. However, the multiplier is 
already so large as to make it clear that a substantial excess 
demand exists, as I have defined it. 
Dental Office Assistants 
Since the forecast I960 technical coefficient (Table 76) 
for this occupation is greater than the 19^0 demand coeffi­
cient (Table 38), the former is used as the forecast I960 de­
mand coefficient. In this case, this assumption is not made 
2^ 1 
because of lack of data. Because of the negligible training 
requirements necessary to gain entry to this occupation (Sii, 
page 70I|.), it would be assumed that excess demand would always 
be zero. Thus, the demand coefficient and the technical coef­
ficient are synonymous. 
Dental Hygienists 
No change was forecast in the demand coefficient for den­
tal hygienists employed in service code Since the forecast 
i960 technical coefficient for dental hygienists employed in 
health service code 7 (Table 76) is greater than the 19^0 de­
mand coefficient for this category (Table 38), the former is 
used as the forecast I960 demand coefficient. 
Dental Laboratory Technicians 
No change was forecast for any demand coefficient for 
dental laboratory technicians. The 195^0 and I960 demand coef­
ficients and the 19^0 and i960 technical coefficients are all 
the same for this occupation. This is not due entirely to 
lack of data. On the basis of infoiroation previously pre­
sented, it is estimated that any changes in the coefficients 
will be small. 
Professional Nurses 
The demand coefficients for professional nurses in health 
service codes l\. and 7 were assumed unchanged over the 19^ 0 -
i960 period. The forecast I960 technical coefficients 
2^ 2 
(Table 76) for health service codes 1, 3, and 6 are greater 
than the corresponding 19^0 demand coefficients (Table 38), 
Thus, using reasoning' previously discussed, the former are 
used as the forecast I960 demand coefficients. 
Practical Nurses 
No change was forecast in the demand coefficients for 
practical nurses over the 19^ 0 - I960 period. All of the 195*0 
demand coefficients (Table 38) are greater than the corre­
sponding i960 forecast technical coefficients. No basis ex­
ists for forecasting a decrease in the demand coefficients. 
Aides, Orderlies, and Attendants 
No change was forecast in the demand coefficient for 
aides, orderlies, and attendants employed in "other" hospi­
tals. Since the forecast i960 technical coefficient (Table 
76) is greater than the 1950 demand coefficient (Table 38) for 
service code 1, the former is used as the forecast i960 demand 
coefficient. 
Sanitary Engineers 
The forecast i960 technical coefficient for this occupa­
tion (Table 76) is greater than the 19^0 demand coefficient 
(Table 38). The former is used as the forecast I96O demand 
coefficient as well. 
Sanit arians 
Again the forecast I96O technical coefficient (Table 76) 
is used as the forecast I960 demand coefficient, as it is 
2# 
larger than the 195^0 demand coefficient (Table 38). 
Summary 
Figure 6 demonstrates the equality Table 
8ij. lists the forecast demand coefficients for I960, and Table 
8^ lists total demand in I960, cross classified by occupation 
and health service code. Finally, Table 86 lists the per­
centage change in demand from 19^0 to I960, also cross classi­
fied by occupation and health service code. 
.1431 .0259 .1434 .2848 
.0178 .0016 .0178 
.0660 .0088 .0810 
.2210 .0042 .0484 .0120 
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25,726 
555,620 
242,880 
480,169 
10,706 
9,020 
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Tablg 81).. Forecast demand coefficients, I960 
Occupation Service code 
code 1 2 3 if 5 6 
1 .1431 .0259 .1434 .2848 - .0339 
2 .0178 .0016 .0178 - - - .6384 
3 
7 
.1385 
4 .0660 .0088 .0810 - .0642 
5 .2210 .0042 .0484 .0120 -
6 .1556 .0042 .0150 - .2196 
.1222 
8  - - - - - -  . 1 0 3 6  
9 - .0058 - - - - .0416 
10 - .0254 .0110 - - - -
11 .0363 .OO5p - - - - ,0053 
12 .0066 .0025 .0067 - .4508 .0042 
13 - - - - ,3027 - -
14 — — — — «0185 — .0381 
15 - - - - .0169 - .1175 
16 1.4348 .0887 .2807 .0592 - .2085 .7904 
17 .5007 .2145 .4691 - .3617 
18 1.5293 .5621 .4474 
1 9  - - - - -  . 0 5 9 7  -
2 0  - - - - -  . 0 5 0 3  -
Table 8^« Total demand in i960 as forecast, cross classified by occupation and 
health service code 
Occupation Service code 
code 1 23 5 6 7 Total 
1 
2 
3 
6 
7 
8 
9 
10 
11 
12 
13 
16 
17 
18 
19 
20 
29,118 
3,622 
6,981 
431 M3? 
238,955 6,079 
13,430 
44,969 
31,662 
2,372 
1,132 
1,132 
3,163 
10,069 
-
7,386 
1,343 
hS 
'•si 
429 
262 " - 124,174 V, 
291,935 
101,883 
311,183 
23,910 
57,820 
151,517 
10,960 
18,316 
17,469 
49,670 
5^ 096 
4,655 
37,389 
10,706 
9,020 
114,480 
24,836 
11,512 
39,379 
21,913 
18,578 
7,460 
95o 
6,832 
21,071 
141,736 
64,861 
286,732 
119,228 
24,836 
30,477 
58,060 
72,759 
21,913 
18,578 
9,023 
7,276 
9,819 
127,206 
83,380 
11,928 
25,726 
555,620 
242,880 
480,169 
10,706 
9,020 
Table 86, Percentage change in demand, 19^0 to i960, cross classified by 
occupation and health service code 
Occupation 
code 1 2 
Service code 
3 4 5 6 7 Total 
1 21.7 80,1 3.1 26.5 19.0 26.2 
2 22.0 56.2 3.1 - - - 17.2 17.4 
3 - - - - — - 24.2 24.2 
4 21.7 6.0 3.2 - - - 19.0 17.2 
67.4 112.0 42.0 71.4 - - - 68.3 
6 124.2 109.6 37.9 - - - 89.6 102.9 
7 - - - - - - 14.1 14.1 
8 - — - - - - 4.4 4.4 
9 - 163.6 - - - - 18.9 31.4 
10 — 106.2 2.6 - - - - 94.6 
11 63.1 117.1 - - - - 18.5 63.3 
12 22.0 51.8 2.7 - 41.3 19.3 - 40.9 
13 - - - - 51.1 - - 51.1 
ih - - - - 41.6 - 77.5 60.1 
- - - - 41.1 - 19.0 22.5 
16 42.0 76.8 7.6 26.6 - 41.0 19.0 35.5 
17 21.7 74.7 3.1 - - - 19.0 28.5 
18 119.1 74.6 3.1 - - - - 95.4 
19 - - - - 52.5 - 52.5 
20 - - - - - 70.3 - 70.3 
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CHAPTER XI. DERIVATION OP CONSTRAINTS FOR PROGRAM 
IN TESTING PROCESS 
The recursive program introduces the supply of personnel 
through the use of constraints of the form < (1 + Bj^iniQx,t) 
Xj t-1* ^ represents the maximum percentage in­
crease possible in the supply of workers in occupation j in 
time period t. The notation Xjg is used herein as actual em­
ployment of Workers in the base period, and not necessarily 
supply of Workers in case supply exceeds demand. The assump­
tion is equivalent to stating that for no occupation was ex­
cess demand negative in the base period, i.e. 19^0. Further, 
I assume that real wages do not change for any occupation 
relative to any other over the forecast period, or that if 
they do this elicits no supply response due to inactive 
trained personnel reentering the labor market. Given this, 
the Bj t Is a function only of the rate at which persons 
in occupation j leave the labor force due to deaths, retire­
ments, changing occupations, or withdrawal for other reasons; 
and the output of training institutions. Note that these 
assumptions are made herein only to simplify the estimation of 
the Bj ^. The model in its full generality is not con­
strained to adhere to these assumptions. 
For some occupations, a lower bound constraint of the 
form Xjt > (1 - Bj,min,t) ^ 3,t-1 estimated. Here 
is the maximum percentage decrease possible in the supply of 
2^ 9 
personnel In occupation j in time period t. This constraint 
is truly operative only in the case of self-employed persons. 
This type of constraint is estimated herein only for those 
occupations in which most of the persons employed are in the 
self-employed category. If the health industry were to find 
it propitious to decrease the number of dental office assist­
ants employed, for example, there is no reason this could not 
be reduced to zero. Non-negativity constraints are inserted 
into the program for occupations having no other lower bound 
constraint. 
We may define a net incremental addition to the supply of 
personnel in occupation J, denoted as the difference be­
tween the number of trained personnel added to potential em­
ployment in occupation j minus persons leaving potential em­
ployment in occupation j for various reasons. Note that the 
8j^ are unrestricted as to sign. To clear up the notation 
since 8is really a flow concept, not a stock concept, 8j^  
is used herein to denote the net incremental addition to sup­
ply in occupation j between time t-1 and time t. It is then 
obvious that B. ^ Our purpose in this sec­
tion is to estimate 8j^ for the twenty occupations considered 
for the years 195^1 through I960. For most occupations, this 
is accomplished by finding a function of the form Sj^ft = 
19^ 1, 19^ 2, ... I960) = f = 1920, 1949 1945)]. 
Note again that the Sj^ need not be forecast in this manner. 
The model in its full generality allows any variables which 
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may be useful to serve as Independent variables in the fore­
casting of for years subsequent to t = B. 
In most instances it is easiest to forecast gross addi­
tions to an occupation, denoted , in terms of numbers of 
personnel, and to forecast deletions, usually in the form of 
deaths, as a percentage figure. This percentage is denoted 
dj^. For these occupations or 
Bj,ma%,t = ^3tAjt-l - djt' 
Data on death rates are useful for several computations 
in this section. The data dealt with are death rates for the 
population as a whole, classified by age and sex category (93, 
pages 28 - 29). Mortality rates appear to be declining over 
time, and the forecaster operating in 19^0 must allow for 
this. Simply computing a linear regression on deaths per 
1,000 population regressed on time provides a significant fit 
in most cases, but suffers from one drawback. For males aged 
25 - 31}., for example, regressing deaths per 1,000 population 
on time for the period 1946 - 19^0 yields the equation death 
rate = 2,0% - ,lt, where time is coded ig%6 = 1, This states 
that the death rate will be negative by 1967, which is non­
sensical, We cannot compute trends in the first differences 
of the death rate series, because in some cases this would 
cause the forecast death rate to increase over time, when the 
true trend is a decrease at a decreasing rate. The category 
of males aged 2^ - 34 Is a case in point. 
Because of these difficulties, death rates ware forecast 
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by the following procedure, which Is computationally more 
simple but operationally more useful than regression analysis. 
Death rates for each age and sex cohort were averaged for the 
three periods 1936 - 19^0, 19^1 - 1945^ and 19^6 - 19^0, The 
percentage difference between these averages was then computed 
for successive five year periods, and the resulting two fig­
ures averaged. This average percentage was then used as a 
correction factor applied to the 1946 - 195o average death 
rate to obtain the forecast average death rates for 19^ 1 -
1955'. The same correction factor wag then applied to the 
195Ï - 1955 forecast to obtain the forecast death rate for 
1956 - i960. For males aged 35 - kk, for example, average 
deaths per 1,000 persons were 6.5o in 1936 - 19^ 0, 5.54 in 
1941 - 1945, and 4.62 in 1946 - 1950 (93, page 28). The 5.54 
figure is 85.1^ of 6.50, and 4.62 is 83.4^ of 5.54. The 
average of these two percentages is 84.3^. The forecast death 
rate of 3.9 per 1,000 population in this age and sex group for 
1951 (Table 87) is derived by taking 84.3^ of 4.62. Similarly 
the forecast of 3.3 deaths per 1,000 population for 1956 -
i960 for this age and sex category Is derived by taking 84.3^  
of 3.9. 
For males aged 15-24 and 25-34 it appeared that death 
rates in 1941 - 1945 were affected by war casualties. For 
these two categories, the death rate in 1951 - 1955 was esti­
mated by taking as the correction factor one-half of the per­
centage decrease between the 1936 - 1940 average death rate 
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Table 87. Deaths per 1,000 persons in category forecast for 
1951 - 1960% 
Age Male death 
1951-1955 
rate 
1956-1960 
Female death rate 
1951-1955 1956-1960 
15 - 24 1.6 1.4 0.8 0,6 
25 - 34 1.9 1.5 1.2 0.9 
35-44 3.9 3.3 2.5 2.0 
45 - 54 10.1 9.3 5.8 5.0 
55 - 64 23.5 22.6 13.0 11.4 
65 - 74 46.1 43.7 30.7 27.4 
75 and over 108.2 100.6 95.3 87.1 
^Source: Computed from (93, pages 28 - 29), 
and the 1946 - 1950 average death rate. 
The following data on total military personnel on active 
duty are presented for future reference regarding the effect 
of World War II on the supply of personnel in various occupa­
tions , 
Table 88, Total military personnel on active duty, 1935 -
1950* 
Year Personnel 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
251,799 
291,356 
311,808 
322,932 
mfè 
1,801,101 
3,858,791 
Year Personnel 
1943 
1946 
1947 
1948 
1949 
1950 
9,044,745 
11,451,719 
12,123,455 
3,030,088 
1,582,999 
1,445,910 
1,615,360 
1,460,261 
^Source: (93, page 736) 
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The analysis proceeds by considering each of the occupa­
tions in turn. 
Physicians 
Some excellent data is available regarding gains and 
losses to the medical profession in the United States, This 
is summarized in the following table. 
Table 89, Gains and losses to the medical profession, 1935 -
1920* 
Year Graduates of approved Licentiates Deaths Net gain 
U.S. medical schools (additions) 
1932 2,101 2,210 3,319 2,191 
1936 2,183 6,177 3,472 2,702 
1937 2,377 6,424 3,277 3,147 
1938 2,194 6,620 3,630 2,630 
1939 2,089 6,044 3,710 2,334 
1940 2,097 2,887 3,420 2,437 
1941 2,272 2,712 3,460 2,222 
1942 2,163 6,014 3,323 2,661 
1943. 2,223 2,928 3,393 2,L62 
1944b 10,303 6,962 3,412 3,220 
1942 2,136 2,748 4,012 1,733 
1946 2,826 6,970 3,212 3,428 
1947 6,389 6,890 3,268 3,322 
1948 2,243 6,636 3,230 3,406 
1949 2,094 2,876 3,600 2,276 
1920 2,223 6,002 3,794 2,208 
^Source: (111, page 33). 
^Two graduating classes due to wartime acceleration of 
course of study to three years (133, page 12). 
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The data on net gains are approximately compatible with 
data on total physicians. There were 165,163 total physicians 
in 1936 and 201,277 in 1949 (111, page 13). Assume that these 
figures pertain to mid-year. Adding the net gain figures for 
1937 to 1948 plus one-half of the net gains in 1936 and 1949 
to the 1936 total physician figure yields 201,177. This is a 
difference of only 100 physicians over the 14 year period. 
It Would be sufficient for our purposes to simply project 
the data on net gains to I960. The problem lies in the ob­
vious non-linearity of the trend. The series on deaths, while 
not exactly linear, implies a regular trend, particularly when 
deaths are converted into percentages of the total number of 
physicians. These percentages are 2.1^ for 1936, 2,1^ for 
1938, 2.0^ for 1940, l,8fo for 1942, and 1.8^ for 1949. Total 
physician data are not available for other years. Thus, the 
non-linearity in net gain is caused primarily by fluctuations 
in new licentiates. This may be explained at least partially 
by the impact of World War II, It is difficult to estimate 
exactly when this impact manifested itself, as there is a long 
time lag between the time a physician enters training and the 
time he becomes licensed. In 1940, most medical schools re­
quired at least three years of college as a prerequisite for 
entrance. Medical school itself is a four year course, in 
most cases followed by a year of internship prior to licensa-
ture (48, pages 9 and 10), Thus, there is, at the minimum, a 
five year lag between entrance to medical school and licensing. 
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We have data on the size of the entering class in medical 
schools for 19l|.2 - 1920, along with estimates of survival 
rates. 
Table 90, Entering class in medical schools, September, 19^2 
to September, 1920 and forecast 1921 - 1960®-
Year Persons Year Persons Year Persons 
1942 6,380 1921 8,024 1927 9,491 
1946 7,012 1922 8,269 1928 9,732 
1947 7,082 1923 8,213 1929 9,979 
1948 7,261 1924 8,728 I960 10,223 
1949 7,247 1922 9,002 
1920 7,734 1926 9,246 
Source : (109, page 42). 
The data for 1921 - I960 in the above table are estimated 
by regressing entrants in 1942 - 1920 on time. This yields 
entrants to medical school = 6,314*81 + 244-29 t, where time 
is coded 1942 = 1. The correlation coefficient is ,96, The 
survival rate for entrants in 1949 and 1920 averaged 83.8^  
(109, page 42). Applying this percentage to the data in Table 
90 with a four year lag would yield the following forecast 
graduates from United States medical schools. 
It then remains to estimate the difference between "grad­
uates from United States medical schools" and "licentiates 
representing additions to the profession". This difference is 
composed of both graduates of United States medical schools 
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Table 91, Forecast graduates from United States medical 
schools, 195^ 1 - i960 
Year Graduates Year Graduates 
1951 2,937 19^ 6 6,929 
1952 6,085 1957 7,134 
195% 6,324 195# 7,339 
1954 6,481 1959 7,544 
1955 6,724 I960 7,748 
who practice abroad and graduates of foreign medical schools 
who practice in the United States, The latter is quantita­
tively the more important of the two effects, Fo information 
is available regarding graduates of United States medical 
schools who practice abroad. The number is assumed to be 
negligible, and Is ignored herein. The following table gives 
data on foreign trained physicians who practice in the United 
Stat es, 
Table 92, Foreign trained physicians licensed in the United 
States, 194.6 - 1950® 
Year Physicians 
1946 220 
1947 283 
1948 308 
1949 319 
1950 359 
^Sources: (l5, page 468) (14, page 320) (16, page 635) 
(57, page 281) (13, page 367). 
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Regressing the data in the above table on time yields 
foreign trained physicians licensed = 203.6 + 31.4 t, where 
time is coded 1946 = 1. The correlation coefficient is .97. 
This equation yields the forecasts of foreign trained physi­
cians shown in the following table. These are added to the 
forecast graduates of United States medical schools shown in 
Table 91 to arrive at the forecasts of total licentiates. 
Table 93. Forecast of foreign trained physicians licensed and 
total licentiates, 19^ 1 - I960 
Year Foreign trained physicians licensed Total licentiates 
(additions) 
19^ 1 392 6,329 
19^ 2 423 6,508 
1953 455 6,779 
19g4 486 6,967 
1955 518 7,242 
1956 7,478 
1957 580 7,714 
1958 612 7,951 
1959 643 8,187 
I960 675 8,423 
The death rate for physicians is forecast by utilizing 
the figures on deaths as a percentage of all physicians for 
1936, 1938, 1940, 1942, and 1949 previously given. These are 
regressed on time, yielding the equation physician death 
rate = 2,12 - ,026 t, where time is coded 1936 = 1. The cor­
relation coefficient is .86. 
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Table 94* Forecast death rate for physicians, 195*1 - I960, 
as a percentage of all physicians 
Year Rate Year Rate 
1951 1.70 1956 1.57 
1952 1.68 1957 1.55 
1953 1.65 1958 1.52 
1954 1.63 1959 1.5o 
1955 1.60 I960 1.47 
We could have estimated the death rate from census data 
on the age and sex distribution of physicians and the death 
rate for each age and sex category shown in Table 87, as we 
have for several other occupations below. It is felt that the 
above estimate is more appropriate than this latter alterna­
tive, in that the death rate for physicians in an age and sex 
category appears to differ from that for all persons in that 
category. 
The lower bound constraint is estimated using the death 
rate only. That is, for j = 1, Ey ^ is the death rate for 
physicians at time t (Table 94). 
Pharmacists 
The data on undergraduate degrees in pharmacy conferred 
reflect the influence of World War II. Most pharmacists en­
tering practice in the late 1940*8 had four year college de­
grees (108, page 14), which assuraedly required an average of 
over four years to complete. Thus, we might expect the impact 
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of World War II to cause a small number of graduates in the 
1944 - 19^-8 period, which is roughly what the data discloses. 
Table 95. Undergraduate degrees conferred by United States 
schools of pharmacy, 1935 - 19^ 0^  
Year Graduates Year Graduates 
1935 1,438 1943 1,871 
1936 1,523 1944 1,177 
1937 1,610 1945 604 
1938 1,636 1946 582 
1939 1,860 1947 1,154 
1940 1,661 1948 2,299 
1941 1,646 1949 
5^842 1942 1,762 1950 
^Source: (IO8, page 66). 
The large number of degrees conferred in 1949 and 1950 
probably represents a "catching up" process or "bulge" in 
graduates caused by an abnormally large number of entrants to 
college due to returning servicemen in late 191+5 and in 194&# 
There is some basis for the supposition that the number of 
graduates in 19ij.l - 1943 is also affected by the impact of 
World War II, as a number of persons who entered college in 
1937 - 1939 may have interrupted their education to enter the 
armed forces. My purpose here is to obtain some estimate of 
the long run trend rate of increase in pharmacy degrees 
awarded per year using prewar data. 
Two choices are open for the determination of the slope 
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coefficient. We may assume that the effect of persons drop­
ping out of college to enter the armed services is negligible 
among persons who would have graduated in 1940 - 1943, and 
regress degrees awarded on time for the period 1935 - 1943. 
This yields the equation pharmacy graduates = 1,447.9 + 43.9 t, 
where time is coded 1935 = 1. The correlation coefficient is 
,82, Alternatively, we could assume 1941 - 1943 data on grad­
uates is nontypical, and estimate the slope coefficient on the 
basis of 1935 - 1939 data. Regressing degrees conferred on 
time for this latter period yields the equation pharmacy grad­
uates = 1,326,3 + 95.7 t, where time is coded 1935 = 1. The 
correlation coefficient is ,96, On the basis of correlation 
coefficients alone, the 1935 - 1939 trend appears more re­
liable than the 1935 - 1943 trend. However, the latter trend 
is used herein, because the 1935 - 1939 period seems too short 
and too far removed temporally from 1951 - I960 to be used to 
forecast a trend for that period. 
. The data on graduates is shown graphically in Figure 7, 
along with the trend line computed from 1935 - 1943 data. It 
is apparent that the "bulge" in graduates beginning in 1949 
will continue for some years into the 1951 - I960 period. The 
magnitude of this "bulge" is estimated using enrollment data, 
Elliott (39) gives the following survival rates for per­
sons enrolled in pharmacy courses in colleges and universities. 
Sophomores are 89^ of freshmen, juniors are 87^ of sophomores, 
seniors are 95^ of juniors, and graduates are 92^ of seniors 
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Figure 7. Pharmacy graduates (x denotes forecast values) 
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(39, page 79). Cumulating yields graduates are 67.7^ of in­
coming freshmen. In the fall of 1948, there were ij.,276 fresh­
men enrolled in colleges and schools of pharmacy, ^,11-32 sopho­
mores, 5,615 juniors, and i|.,i|05 seniors (39, page 73). As­
suming the number of incoming freshmen will remain constant, 
the following numbers of graduates would be forecast, using 
the survival rates above. In 1949, we would expect 4,053 
graduates, in 1950, 4,907, in 1951, 4,130, and in 1952 and 
thereafter, 2,893. 
Since actual graduates in 1949 and 1950 (Table 95) are 
higher than would be forecast on the basis of 1948 data on 
enrollments, it is apparent that some number of persons en­
tered school subsequent to the fall of 194^ and graduated in 
1949 and 195o. These must represent persons who dropped out 
of school at some time during the war, and then reentered 
college. There is no reason, however, to believe that these 
persons would have graduated in 1940 - 1943 instead of at some 
later date, and this information alone does not invalidate the 
use of these years in the base used to estimate the trend in 
number of graduates. This is despite the fact that reference 
to Table 88 discloses that there was a sizeable increase in 
the armed forces as early as 1940. 
Graduates for 1951 and 1952 are forecast by using the 
data on fall of 1948 enrollments (39, page 73) and assuming 
the survival rates given above (39, page 79). Graduates for 
1953 - i960 are forecast by using the long-run trend equation 
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previously derived of graduates = + 43.9 t, where time 
is coded 1935 = 1. 
This implies that the post-war "bulge" in enrollments was 
ended by fall of 1948. 
Using these assumptions, the following forecasts are de­
rived. 
Table 96, Forecast graduates in pharmacy, 19^1 - I960 
Year Graduates Year Graduates 
19^ 1 4,130. 195% 2,413 
19^ 2 2,893 19^ 7 2,428 
195*3 2,282 195# 
Data on death rates is also necessary to convert gross 
additions to the profession to a net figure. An aggregate 
death rate is obtained by computing a weighted average of 
death rates for individual age and sex categories. 
By multiplying the percentages in Table 97 times the 
forecast death rates in Table 87 we obtain 12.1 forecast 
deaths per 1,000 pharmacists per year in 1951 - 1955 and 11,2 
deaths per 1,000 per year in 1956 - i960. This assumes that 
the percentage distribution by age and sex remains constant 
over the period. 
2,326 
2,370 
1959 
1960 
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Table 97« Per cent of pharmacists in age and sex category, 
19^ 0 a 
Age Male Female 
15 - 2.8 1.0 
25 - 34 16 » 6 2.2 
35-44 25.3 2.4 
45 - 54 24.6 1.8 
55 - 64 14.6 0.7 
65 - 74 6.3 0.3 
75 and over 1.3 0.1 
S^ource: (95", pages 37, 69, and 75). 
Chiropractors 
The following percentage distribution of chiropractors 
by age and sex category is assumed to exist throu^out the 
195*0 to I960 period. 
Table 98. Percentage distribution of chiropractors by age 
and sex category, 19^ 0^  
Age Male Female 
15 - 24 2.7 0.5 
25 - 34 20.9 1.0 
35 - 44 18.0 2.2 
45-54 16.6 2.7 
55 - 64 18.8 5.5 
65 - 74 6.5 2.7 
75 and over 1.7 0.2 
^Source: (9^, pages 37 and 
2?^  
Multiplying the above percentages times the death rates 
for each category (Table 8?) yields a weighted average of 13#5 
deaths per 1,000 chiropractors per year in 19^ 1 - 195^ 5 and 
13.0 for 1956 - I960. 
The following table gives such data as is available on 
the training of chiropractors. 
Table 99. Students and graduates of chiropractic, selected 
years^ 
Year Students Graduates 
1940 
1945 
1949 
1950 
1,839 
4,544 
643 
433 
^Source: (78, page 207). 
The data appears to exhibit the same tendencies as the 
data on pharmacists. That is, a decline in both students and 
graduates took place during the war followed by a "bulge" in 
the 1949 - 195b period. The decline in numbers of students 
from 1949 to 19^0 evinces that the peak in enrollments, if not 
in graduates, has passed by 195*0. Unfortunately, we have no 
indication regarding the long run trend in graduates of chiro­
practic from the above data. The normal course of training in 
a chiropractic college is four years (91, page 69), althougji 
some schools have more lenient requirements. Even assuming a 
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survival rate of unity, it is apparent that the number of 
graduates in 1949 and 19^0 is higher than would be expected, 
given the number of students, A possible explanation for this 
is that a number of persons who had completed part of their 
course of training returned to chiropractic college after 
World War II to complete their training. The ratio of grad­
uates to students is higher than would be expected in 19^ 0 as 
well. 
Graduates of chiropractic are forecast herein by assuming 
that the postwar "bulge" in enrollments, but not graduates, 
was ended by 19i|9. Comparing 1949 students minus graduates 
with 19^0 students yields a difference of 923. If we assume 
an average drop rate of this means that a total of 972 
students entered training in 19^0. Assuming the same number 
entered training in 1949 and assuming a 9^^ survival rate for 
all years in school, this means a total of 2,228 sophomores 
and Juniors were enrolled in 1949. Dividing these equally 
between classes, we would expect 1,00^  graduates in 1951 and 
955 in 1952. The figure of 972 new entrants to training is 
consonant with a figure of 793 graduates. This is assumed to 
be the trend rate figure for graduates in 1950. This repre­
sents an increase of 15 graduates per year over the 1940 fig­
ure, on the average. This trend was forecast to continue to 
i960, but only the 1953 - I960 forecast graduates in the fol­
lowing table are estimated from this trend. 
It should be noted that this forecast of graduates is 
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Table 100. Forecast graduates in chiropractic, 195^1 - I960 
Year Graduates Year Graduates 
1951 1,002 1956 883 
1952 955 1957 898 
1953 838 1958 913 
1954 853 1959 928 
1955 868 I960 943 
extremely crude, and depends upon several questionable assump­
tions, The trend pattern is reasonable, but subject to a 
large confidence interval, which cannot be estimated. 
Since most chiropractors are self employed, a lower bound 
constraint to supply is needed. This was forecast as identi­
cal to the death rate. 
Dieticians and Nutritionists 
Time series data is not available regarding the number of 
dieticians and nutritionists trained, "Fully qualified" 
workers in this category must complete a college degree with a 
major in foods and nutrition or institution management fol­
lowed by a years' internship, usually in a hospital (91, pages 
66 and 68), The Womens' Bureau (130, pages 16 and 17) esti­
mated that 23^ of all home economics graduates would enter the 
dietetics and nutrition field in 1949, Assuming this percent­
age constant over the 1951 - I960 period as well, we can use 
estimates of total home economics graduates to generate an 
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estimate of additions to the dietician and nutritionist occu­
pation category. Wolfle (138) gives data on total bachelors* 
degrees granted in home economics by five year intervals. 
Table 101, Bachelors* degrees granted in home economics in 
the United States, by five year intervals® 
Period Years included Degrees 
1 1926 - 1930 10,300 
2 1931 - 1935 15,500 
3 1936 - 1940 23,100 
4 1941 - 1945 33,600 
5 1946 - 1950 36,800 
^Source: (138, page 295). 
Regressing degrees granted on periods, where the 1926 -
1930 period is coded 1, yields degrees granted = 2,530 + 
7,110 P, The correlation coefficient is .99. Using this 
equation to generate forecast graduates yields a total of 
45,190 in 1951 - 1955 and 52,300 in 1956 - I960. Applying the 
23^ figure to these estimates yields a forecast of 2,079 addi­
tions per year to the dietician and nutritionist occupation in 
1951 - 1955 and 2,406 in 1956 - I960. 
Death rates alone are not a valid indicator of persons 
dropping out of active status in this occupation, as a large 
percentage of the persons included leave active status to 
marry and raise children (130, page 18). The Moments Bureau 
estimates the drop-out rate as 6.6# of those employed in any 
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given year, and notes that this estimate is probably low (130, 
page ^7). This estimate is used herein. 
Medical Laboratory Technicians and Technologists 
Available data regarding students and graduates in medi­
cal laboratory technology reflect a steady increase in both 
magnitudes in the years immediately prior to 1950, 
Table 102, Students and graduates in medical laboratory 
technology, 19^ 5 - 1950® 
Year Students Graduates 
1945 _b 984 
1946 2,047 1,078 
1947 2;239 1,206 
1948 2,751 1,499 
1949 3,119 1,720 
1950 3,312 2,011 
^Sources: (20, page 185) (19, page 104) (18, page 1462) 
(22, page 1157). 
N^ot available 
The data discloses that the number of graduates in medi­
cal laboratory technology may be increasing at an increasing 
rate. Statements in (91, page 62) and (20, page 185) corrob­
orate that this may be the case. Thus, a double log trans­
formation was applied to the data prior to estimating the 
trend. Experimentation with the coding of the time variable 
found that coding 19^5 = 1.0, 194& = 1.1, and so forth 
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produced the best fit. The resulting equation is log (grad­
uates) = 2,96276 + 1,90700 log t, where time is coded 19^ 5 = 
1. Another form of the equation is graduates = 917.8 t^ '^ O?. 
The correlation coefficient is .98. Using this equation to 
generate a forecast of graduates for 19^1 - I960 yields the 
following. 
Table 103» Forecast graduates in medical laboratory tech­
nology, 195Ï - i960 
Year Graduates Year Graduates 
1951 2,249 1956 3,778 
1952 2,525 1957 4,128 
1953 2,816 1958 4,493 
1954 3,121 1959 4,873 
1955 3,442 I960 5,268 
In 1940, 90^  of all medical laboratory technicians and 
technologists were women (133, page 7). No information is 
available on the 1950 age and sex distribution of persons in 
this occupation, and it is assumed herein that the 90^ female 
ratio holds for 1951 - I960, The average death rate for fe­
males over age I4 is forecast by averaging death rates for 
each ten year age category beginning with ages l5 - 24 sepa­
rately for the three five year periods 1936 - 1940, 1941 -
1945, and 1946 - 1950 (116, page 29). The percentage of total 
females over age fourteen in each age category was then com­
puted from census data for 1930, 1940, and 1950 (97, page I72 
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and 100, page 23). Multiplying the percentage of total fe­
males over age li). in each age category times the death rate 
for each age category for the respective five year periods and 
summing within periods yields the estimated age adjusted death 
rate for each period. The 1951 - 1955" death rate is then 
forecast by applying one-half of the sum of the percentage 
changes in death rates from the first five year period to the 
second and from the second to the third, to the 19^ 6 - 19^ 0 
death rate. The same average percentage change applied to the 
resulting 19^1 - 195^5 rate of 10,3 deaths per 1,000 persons 
yields the 19^ 6 - I96O forecast rate of 9.9 deaths per 1,000 
persons. The same procedure for males yields a forecast of 
llj..3 deaths per 1,000 persons in 19^ 1 - 195^ 5" and llj.,6 in 
19^ 6 - i960. Finally, taking 90^  of the female rate plus 10^  
of the male rate yields a forecast of 10.7 deaths per 1,000 
medical laboratory technicians and technologists in 19^ 1 -
1955 and 10.4 in 19^ 6 - I960. 
X-ray Technicians 
Both the number of students and graduates in x-ray tech­
nology were increasing in the 19^5 - 19^0 period. 
The data in the following table indicate that the number 
of graduates in x-ray technology may be increasing at an in­
creasing rate. Various sources (20, page 192 and 91, pagG 63) 
indicate that this trend may be expected to continue. Thus, a 
double log transformation was applied to the data prior to 
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Table IOI4, Schools, students, and graduates in x-ray tech­
nology, 194^  - 1950®-
Year Schools Students Graduates 
1942 130 615 340 
1946 161 807 427 
1947 211 948 499 
1948 22L^  1,176 656 
1949 1,447 764 
1950 283 1,653 923 
^Source: (78, page 227). 
computing the regression. Some experimentation with the 
coding of the time variable disclosed that coding 194^  ~ 
1.000, 1946 = 1.001, and so forth produced the best fit. The 
resulting equation is log (graduates) = 2.53744 + 200,70821 
log t, or graduates = 344*6 70821^ The correlation coef­
ficient is ,997. Using this equation to forecast graduates 
for 1951 - i960 yields the figures shown in the following 
table, 
Table 105. Forecast graduates in x-ray technology, 19^1 -
I960 
Year Graduates Year Graduates 
19^ 1 1,146 1956 3,096 
1952 1,398 1957 3,777 
1953 1,706 1958 4,607 
1954 2,081 1959 5,620 
1955 2,538 I960 6,855 
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The death rate for x-ray technicians is forecast by com­
puting the percentage of "technicians, medical and dental" in 
each age and sex category in 195*0 from census data (95", pages 
37 and 4^), and multiplying times the death rates for each 
group shown in Table 87 and summing. The estimates thus de­
rived are perhaps somewhat high, as only 5?^ of the census 
category of "technicians, medical and dental" are females, 
while about three-fourths " of all x-ray technicians were fe­
males in 195*0 (91, page 63). Males have higher death rates 
than females, age constant, as evidenced in Table 87. It 
should be noted, however, that the percentage of male x-ray 
technicians was increasing in 19^0 (91, page 63). 
Table 106. Percentage distribution of "technicians, medical 
and dental" by age and sex category, I950® 
Age Male Female 
15 - 24 8.6 20.8 
25 - 34 15.6 18.6 
35 - 44 9.6 10.1 
45 - 54 5.6 5.8 
55 - 64 2.5 2.0 
65 - 74 0.6 0.1 
75 and over 0.1 
^Source: (95, pages 37 and I|.5) . 
The forecast death rate for x-ray technicians in 195^1 -
19^5 is 3.6 per 1,000 persons, and for 1956 - I960 is 3.1 per 
1,000 persons. The extremely low death rate is due to the 
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youthful composition of personnel in this occupation, partic­
ularly females. 
Opticians, Lens Grinders, and Polishers 
The following percentage distribution of opticians, lens 
grinders, and polishers by age and sex category is assumed to 
exist throughout the 19^0 to I960 period. 
Table 107. Percentage distribution of opticians, lens 
grinders, and polishers by age and sex category, 
1950® 
Age Male Female 
15 - 24 11.9 3.0 
25 - 34 31.3 4.2 
35-44 20.2 2.8 
45 - 54 15.8 1.3 
55 - 64 6.4 0.6 
65 - 74 2.4 0.1 
75 and over 
^Source: (9^, pages Lj.0 and Ij.8). 
Multiplying the above percentages times the death rate 
per 1,000 persons in each age and sex category (Table 87) and 
cumulating yields 6,0 deaths per 1,000 opticians, lens grind­
ers, and polishers in 19^ 1 - 1955 and 5.7 deaths per 1,000 
persons in 1956 - I960. 
Personnel in this occupational category are trained pri­
marily through informal on-the-job training programs, although 
some formal apprenticeship programs were in operation in 1950 
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(91, page 241). Some trade schools also offer training for 
this occupation category. It appears that as of 19^0, the 
total level of training activity was roughly consonant with 
satisfying replacement demand, but that growth in total em­
ployment was foreseen as negligible throughout the early 
195o*s. Some long-run growth was anticipated in total employ­
ment due to population increases and other factors causing an 
increased demand for eyeglasses, but this may be offset by 
improved mechnnical methods of grinding lenses (9I, page 2L|.2) . 
In any event, employment in this occupation can be supply 
determined only in the short-run, as the employers themselves 
have a great deal of control over the training process. It is 
possible that unions could, to an extent, restrict supply 
through control of the apprenticeship programs, but this does 
not appear to be the case. Only one state had licensing re­
quirements for opticians in 195^0 (91, page 2i|.l), and since 
many of the training programs are informal, supply restriction 
is difficult. The supply constraint is estimated by computing 
a linear trend between actual employment in 195'0 and demand in 
i960. This restraint is introduced only to prevent repercus­
sions on other occupations caused by a binding total resource 
constraint in the recursive program. 
Optometrists 
It is assumed that the percentage distribution of optom­
etrists classified by age and sex prevailing in 19^ 0 is 
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unchanged over the 19^0 - I960 period. 
Table 108, Percentage distribution of optometrists by age and 
sex category, 19^ 0^  
•Age Male Female 
15 - 24 5.4 1.4 
25 - 34 29.9 2.2 
35 - 44 20,6 1.2 
45 - 54 16.8 0.8 
55 - 64 12.3 0.2 
65 - 74 6.4 -
75 and over 2.8 
S^ource; (95", pages 37 and Ij.^ ). 
Multiplying the percentages above times the forecast 
deaths per 1,000 persons in each age and sex category (Table 
87) and cumulating yields expected death rates of 12,2 per 
1,000 optometrists for 195'! - 1955 and 11,3 for 19^ 6 - I960, 
Data on graduates of optometry are shown in the following 
table, 
The familiar pattern of a decline in both students and 
graduates during the war and immediate postwar years is evi­
dent, The "bulge" in enrollments and graduates during 19^ 8 -
1950 also manifests itself, along with some indication that 
the peak has passed by 19^0. We do not really have "good" 
data for estimating the long run trend in graduates, but we 
can obtain a crude estimate by regressing graduates in 192^ , 
1930, 1935, 1940, and 19^1 on time, coded I92I4 = 1, This 
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Table 109. Number of students and graduates of optometry, 
selected years^ 
Year Student s Graduates 
1924 450 150 
1930 750 210 
1935 1,200 200 
1940 1,100 350 
1941 1,000 400 
1942 500 100 
1943 4^ 0 100 
1944 800 150 
1942 2,200 290 
1946 2,234 294 
1947 3,576 528 
1948 4,482 1,426 
1949 4,309 1,934 
1950 3,268 1,572 
^Source: (78, page 218). 
results in the equation optometry graduates = 111,3 + 13.7 t. 
The correlation coefficient is ,91. 
The duration of a course of study in a college of optom­
etry is five years (91, page 6^). Let us assume that the num­
ber of graduates returns to its long run trend rate in 19^ 1. 
Assume further that survival rates are 90^ for the first three 
years of school, and 9^^ thereafter. Using the forecast of 
graduates generated by the long run trend equation and these 
percentages would yield $21 fifth year students, 546 fourth 
year students, third year students, 73k second year stu­
dents, and 833 first year students in 1950. This is a total 
of 3,280 students, which is very close to the 3,268 actual 
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students shown in Table 109. Since the long run trend equa­
tion forecast of graduates is compatible with data on enroll­
ments in 19^0, the forecast graduates in the following table 
are derived using this equation. 
Table 110. Forecast graduates in optometry, 195^1 - I960 
Year Graduates Year Graduates 
19^ 1 49^  1956 563 
1952 509 1957 577 
1953 522 1958 591 
1954 536 1959 605 
1955 550 I960 616 
Psychologists, Clinical and Other Health 
Only 300 fully qualified clinical psychologists were 
trained in 1950 (12, page 338), but training facilities were 
being increased. The Public Health Service was furnishing 
subsidies to build up psychology departments, especially for 
clinical training (91, page 110) . A problem arises in at­
tempting to define additions to the profession "psychologists, 
clinical and other health". It is questionable whether this 
should include only persons with doctorates, or those with 
masters' degrees as well. The American Psychological Associa­
tion, writing in 1951, noted that "The MA degree in psychology 
has lost much of its vocational value and professional Justi­
fication" (10, page 6l5). It is herein assumed that persons 
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with terminal masters' degrees do not represent additions to 
the profession, although many of these persons probably do 
find employment in this occupation category. 
In 19^ 9, the Merlcan Psychiatric Association forecast 
the number of degrees granted in clinical psychology for 
19^0 - 19^2, The figures on masters' degrees are included for 
comparison. 
Table 111, Predicted degrees in clinical psychology from 
[[2 graduate departments^ 
Year Doctorates Masters' degrees 
1949 17^  2^ 0 
195b 300 300 
19^ 1 400 300 
1952 45o 300 
^Source: (12, page 338). 
These predictions were made on the basis of data sub­
mitted by the graduate schools involved regarding students en­
rolled, The time series of four observations does not provide 
enough degrees of freedom to allow the use of regression anal­
ysis in a meaningful manner. As an arbitrary estimate, the 
number of graduates was forecast to increase by 50 for each 
year subsequent to 1952 up to I960, This is assumed to be a 
conservative estimate, in view of the previously noted efforts 
by the Public Health Service to promote training of clinical 
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psychologists. The number of schools approved for training 
by the American Psychological Association increased from 37 in 
1948 (11, page 318) to ^ 2 in 1949 (12, page 338). Thus, it 
appears that opportunities for graduate instruction are in­
creasing, and no shortage of undergraduates willing to enter 
graduate training is foreseen. The 19^0 Occupational Outlook 
Handbook notes that "there is keen competition among new grad­
uates with bachelors' degrees in psychology (over 9,5*00 in 
195*0) for admission to graduate training" (91, page 110). 
The average death rate for males aged l5 and over, as 
computed in the section on medical laboratory technicians and 
technologists, was assumed to apply to psychologists in this 
study, ITo information is available regarding the age and sex 
distribution of persons in this occupation. This yields a 
forecast 1^ ,3 deaths per 1,000 psychologists in 195Ï - 195*5 
and li|,6 in 1956 - I960, 
Occupational Therapists 
In the early 19^0*8 about 99^ of all occupational thera­
pists were women (133, page 7). Data is not available on the 
age and sex distribution of occupational therapists per se, 
but the 1950 census gives this information for a group called 
"therapists and healers". The percentage distribution of 
occupational therapists by age was assumed to be the same 
throughout the 1951 - I960 period as that for the above census 
classification in 1950, For simplicity, only females are 
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Table 112. Percentage distribution by age of female "thera­
pists and healers", 19^ 0®' 
-Age Per cent 
15 - 2li 14.6 
25 - 3h 23.8 
35 - 44 18.9 
45 - 54 22.2 
55 - 64 16.1 
65 - 74 4.1 
75 and over 0.3 
^Source: (95, page L|.5). 
considered. 
The estimated death rate for occupational therapists is 
derived by multiplying the above percentage figures times the 
respective death rates for each age category in Table 8?. 
This yields a forecast death rate of 5.8 per 1,000 occupa­
tional therapists in 19^ 1 - 1955 and 5.0 for 1956 - I960, 
The following table lists data regarding the number of 
schools, students, and graduates in occupational therapy for 
such years as data is available. 
The normal course of training in occupational therapy re­
quires five years beyond high school (91, page 77). Thus, 
the figure of 1,893 students in 1950 is consonant with an out­
put of over IiOO graduates in 1951, as a large number of per­
sons obtain occupational therapy diplomas in much less than 
five years if they have some college work. A college graduate 
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Table 113. Schools, students, and graduates of occupational 
therapy, selected years^ 
Year Schools Student s^ Graduates 
1938 g 50 
1942 71 
1943 9 81 
1944 16 
1942 18 
1946 20 864^  
1947 21 340 
1948 23 420 
1949 24 1,619 326 
19^ 0 24 1,893 391 
^•Sources: (78, page 2ij.) (20, page I98). 
^Data for 1938 - 1948 not available, 
^Includes graduates of wartime emergency courses, 
^Excludes 5'35' army graduates, 
may obtain an occupational therapy diploma with ei^teen 
months of training beyond college (91, page 77). 
It may be noted that this occupation does not exhibit the 
pattern of a wartime "dip" in graduates with a postwar "bulge", 
nor does the reverse pattern appear. This leads to the suspi­
cion that the number of graduates in 1949 and 1950 may be part 
of the long run trend. This suspicion is reinforced by noting 
that the number of schools has been growing, and that the num­
ber of students increased from 1949 to 1950, Arestad and 
McG-overn (20, page 196), writing in 195"!, note that the 
American Medical Association has encouraged the development of 
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additional courses of training for both occupational and 
physical therapists, to combat the "continued shortage of 
personnel". 
The problem in forecasting resides in the fact that the 
data is so irregular that regression analysis is virtually im­
possible without resorting to arbitrary choice of which years 
are to be included in the time series. Arbitrary choice of 
data for Inclusion without a basis for stating why some obser­
vations are affected by unusual circumstances is not empirical 
research, but simply a means of providing some false justifi­
cation for making a predetermined estimate. 
Graduates in occupational therapy for 19^1 - I960 are 
estimated herein by assuming a linear trend throu^ the census 
years, 1940 and 195b. This is still arbitrary, but at least 
the assumption has some precedent in that the census years 
have been used throughout this analysis in situations where no 
other data was available. Graduates for 19^0 are estimated at 
61, the simple average of the 1938 and 19^2 figures. The re­
sulting forecast of graduates is shown in the following table. 
Table lllj.. Forecast graduates in occupational therapy, 
19^ 1 - I960 
Year Graduates Year Graduates 
1951 424 1956 589 
1952 457 1957 622 
1953 490 1958 655 
1954 523 1959 688 
1955 556 i960 721 
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Physical Therapists 
The death rate for physical therapists is forecast to be 
5'.8 per 1,000 persons in the occupation in 195^ 1 - 1955, and 
5.0 for 1956 - I960, In the early 1940*8, about 98^ of all 
physical therapists were women (133, page 7). Thus, the death 
rate for occupational therapists derived in the previous sec­
tion applies to physical therapists as well. 
Data is not available on graduates in physical therapy 
for years prior to 1941. 
Table ll5. Graduates in physical therapy, 1941 ~ 1950^ 
Year Graduates Year Graduates 
1941 238 1946 480 
1942 
1943 
1944 
1945 
1947 
1948 
1949 
1950 
383 
441 
417® 
627® 
^Source: (78, page 225). 
^Includes 199 graduates of emergency courses, 
^Includes 175 graduates of emergency courses, 
^Includes 344 graduates of emergency courses, 
^Includes 1 army school. 
^Includes 8 army schools. 
As in the case of occupational therapists, the series on 
graduates in physical therapy is subject to such wide 
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fluctuation as to make forecasting on the basis of regression 
analysis impossible. There were only 16 schools of physical 
therapy in 19^ 0, compared with 28 in 1950 (20, page 196). 
This information, along with the knowledge that the American 
Medical Association was actively promoting the training of 
more physical therapists in 1950 (20, page 196), leads one to 
suspect that the trend is toward an increasing number of grad­
uates. The 16 schools in 19^ 0 had a capacity of only 192 
students, while in 19^0 capacity represented 720 students (77, 
page 176). A fairly regular series on the number of students 
enrolled in physical therapy is available, and this furnishes 
the basis for the forecast of graduates used herein. 
Table 116. Students enrolled in physical therapy, 19^6 - 19^0 
and forecast 19^1 - I960®-
Year Students Year Students Year Students 
1946 U33 195Ï 729 1956 1,036 
1947 481 1952 790 1957 1,097 
1948 532 1953 852 1958 1,159 
1949 595 1954 913 1959 1,220 
1950 683 1955 975 I960 1,282 
^Sources: (20, page I96) (21, page 113) (19, page 103) 
(18, page 146I) (23, page 1149). 
Regressing students on time for the period 1946 - 1950 
yields physical therapy students = 360.6 + 61.4 t, where time 
is coded 1946 =1. The correlation coefficient is ,99. The 
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forecast students for 195"! - i960 in the above table are de­
rived using this equation. 
The duration of the course of study in approved schools 
of physical therapy varies from one to four years, depending 
upon the amount of previous education completed by the student 
(20, page 197). The average length of the course of study is 
probably between one and two years. Comparing the data in 
Tables 11^ and 116, it appears that graduates in any given 
year are roughly 8^/o of students in the previous year, on the 
average. This rule of thumb is used herein to generate the 
following forecast. 
Table 117. Forecast graduates in physical therapy, 
1951 - I960 
Year Graduates Year Graduates 
19^ 1 581 1956 829 
1952 620 1957 881 
1953 672 1958 932 
1954 724 1959 985 
1955 776 I960 1,037 
Dent ist s 
The percentage distribution of dentists by age and sex 
prevailing in 1950 was assumed to be constant over the 1950 -
i960 period. 
Multiplying the following percentages times the forecast 
death rates (Table 87) for each age and sex category and 
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Table ll8. Percentage distribution of dentists by age and 
sex category, 195^ 0® 
Age Male Female 
15* - 21^  0.7 0.7 
25 - 34 20.6 0,6 
35 - 44 23.8 0.9 
45 - 54 24.4 0.5 
55 - 64 16,6 0,2 
65 - 74 8.6 0.2 
75 and over 2,1 0.1 
S^ource: (95", pages 37 and l\.^ ). 
summing yields a forecast of li)..l deaths per 1,000 dentists in 
19^ 1 - 195^  and 13.2 for 19^ 6 - I960. 
Data on dental graduates exhibits wide fluctuations in 
the 19^.0 to 195*0 period. The problem resides in the fact that 
the prewar data is not consistent enough to allow estimation 
of the long run trend in numbers of graduates. For this 
reason, a forecast of graduates for 1951 - I960 must be based 
upon qualitative judgements based upon "informed" sources. 
The President's Commission on the Health Needs of the 
Nation (77, page 160) made the following forecast of dental 
graduates for 195*1 - I960. The forecast for 19^ 1 - 195*3 is 
based upon enrollment data as of 195*0, and the trend is ex­
pected to level off thereafter. This forecast is used herein 
as the forecast of additions to the dental profession. 
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Table 119. Graduates in dentistry, 1935 - 195'0® 
Year Graduates Year Gr aduat e s 
1935 1,840 1943 1,926 
1936 1,736 1944 2,470 
1937 1,739 1945 3,212 
1938 1,704 1946 2,666 
1939 1,794 1947 2,225 
1940 1,757 1948 1,755 
1941 1,568 1949 1,574 
1942 1,784 1950 2,565 
%ource : (109, page 48). 
Table 120. Forecast graduates of dental schools. Unit ed 
States, 1951 - 1960a 
Year Graduates Year Graduates 
1951 2,830 1956 3,000 
1952 2,927 1957 3,000 
1953 2,922 1958 3,000 
1954 3,000 1959 3,000 
1955 3,000 1960 3,000 
^Source: (77, page 160). 
Dental Office Assistants 
Since dental office assistants are usually trained by the 
dentist himself page 70l|.), and require no special train­
ing to qualify for a position, an upper bound constraint for 
this occupation would not be expected to be binding, under 
normal circumstances. Thus, for j = li|, ,max,t estimated 
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as (3^xij.,60 " This has the effect of 
guaranteeing that employment in the occupation will not be 
supply determined in i960, and forces a linear adjustment 
path. Other assumptions would be equally acceptable, but some 
type of constraint is necessary to prevent unrealistic reper­
cussions on other occupations caused by a binding total re­
source constraint. 
Dental Hygienists 
Data on numbers of dental hygiene graduates are shown in 
the following table. 
Table 121. Dental hygiene students and graduates, 19^2 -
1950* 
Year Student s Graduates 
1942 ^04 361 
1943 387 298 
19# 351 238 
1942 ^02 329 
1946 678 399 
1947 729 448 
1948 720 4% 
1949 9^ 8 0^^  
19^0 1,091 ^29 
^Source: (78, page iSlj). 
It may be noted that since 19i|i| both numbers of students 
and numbers of graduates have been rising steadily. Dental 
hygiene graduates in 195"! - I960 are forecast by simply 
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regressing graduates in 1946 - 195'0 on time. This yields 
dental hygiene graduates = 371.7 + 31.7 t, where time is coded 
194-6 = 1. The correlation coefficient is .98. The following 
table lists the results of the forecast of graduates based 
upon this equation. 
Table 122, Forecast graduates in dental hygiene, 195"! - I960 
Year Graduates Year Graduates 
19^ 1 562 1956 720 
1952 594 1957 752 
1953 625 1958 784 
1954 657 1959 816 
1955 689 I960 847 
In 1940, 100^  of dental hygienists were women (133, page 
7). It is assumed that the average death rate for women over 
age 14 as a whole for the period 1951 - I960 applies also to 
dental hygienists, as no data is available on the age distri­
bution of persons in this occupation. The average death rate 
for females over age fourteen is obtained by the procedure 
previously discussed in the section on medical laboratory 
technicians and technologists. The resulting estimates are 
10,3 deaths per 1,000 dental hygienists per year in 1951 -
1955, and 9.9 in 1956 - I960. 
Dental Laboratory Technicians 
In 1947, there were 7,607 students in dental laboratory 
work in training; 2,635 in schools and 4,972 in laboratories 
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(6, page 293). The council on dental education of the Ameri­
can Dental Association estimated that this was consonant with 
an output of 1,965" graduates per year (5, page 88). The coun­
cil noted that this rate of output was perhaps four times as 
great as the demand for technicians, and recommended that 
steps be taken to prevent an oversupply. The condition of 
oversupply apparently existed in 1950, as the Occupational 
Outlook Handbook notes that the field will be overcrowded with 
newly trained workers throughout the early 19^0's (91, page 
236). All of this is of interest to us at this point only in­
sofar as these conditions caused the rate of supply increase 
to be diminished. Unfortunately, this type of effect is dif­
ficult to forecast, particularly because we do not have time 
series data on the number of graduates in dental laboratory 
technology. 
Assuming that training in laboratories conducted under 
Public Laws 34^ and 16 ceases entirely by 19^0, and that the 
number of students trained in schools remains constant, this 
would yield 1,120 graduates per year. This estimate is found 
in (6, page 293). Additions to this occupation were forecast 
herein at a constant 1,120 per year from 195*1 - I960. This 
has the effect of making employment in I96O demand determined. 
The 19^0 Occupational Outlook Handbook (91, page 237) 
notes that "very few" dental laboratory technicians are fe­
males, Thus, death rates for this occupation are forecast by 
using census data on male "technicians, medical and dental" to 
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obtain the percentage age distribution. These percentages 
were assumed to apply to dental laboratory technicians over 
the entire 195*0 " I960 period. 
Table 123. Percentage distribution by age of male "tech­
nicians, medical and dental", 195'0®-
Age Per cent 
15 - 24 20.2 
25 - 34 36.6 
35 - hh 22.6 
45 - 54 13.2 
55 - 64 5.8 
65 - 74 1.5 
75 and over 0,1 
Source: (9^, page 37). 
These percentages were then multiplied times the forecast 
death rates for each age group (Table 87) and summed to obtain 
a forecast deaths per 1,000 dental laboratory technicians 
in 19^ 1 - 19^ 5" and 1^ .9 in 19^ 6 - i960. 
Professional Nurses 
Data on the number of graduates in nursing are shown in 
the following table. 
Estimating the long run trend in graduates by regressing 
graduates on time for 1935 - 1941 yields nursing graduates = 
17,Ij.65.27 + 999.36 t, where time is coded 1935 = 1. The cor­
relation coefficient is .95. It may be noted that instead of 
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Table 12I|, Graduates in professional nursing, I898 - 195^0^ 
Yeaj? Graduates^ Year Graduates Year Graduates 
1898 1,836 1916 11,200 1934 20,400 
1899 2,328 1917 11,300 193^  19,600 
1900 2,820 1918 12,200 1936 18,600 
1901 3,312 1919 13,100 1937 20,400 
1902 3,804 
4,29^  
1920 14,980 1938 20,6^  ^
1903 1921 14,649 1939 22,48^  
1904 4,787 1922 12,624 1940 23,600 
1905 g,279 1923 13,0^ 0 1941 24,899 
1906 ,^771 1924 16,686 1942 25\613 
1907 6,263 192^  17,7^ 3 1943 26,816 
1908 6,7^  ^ 1926 18,623 1944 28,276 
1909 7,^ 00 1927 18,907 194^  31,721 
1910 8,140 1928 19,8^ 3 1946 36,19^  
1911 8,^00 1929 23,810 1947 40,744 
1912 8,800 1930 24,000 1948 34,268 
1913 9,100 1931 24,^ 00 1949 21,379 
1914 9,300 1932 2^ ,312 19^ 0 26,7^ 0 
191^  11,118 1933 18,600 
^Source: (78, page 20^). 
^Data for I898 to I908 estimated by linear regression on 
1909 - 1915^ figures. 
a wartime "dip" in graduates and a postwar "bulge", as we 
found for most occupations, the reverse pattern holds for 
nurses. This is probably due to the fact that women were not 
subject to the draft, and because of the wartime shortage of 
physicians some substitution of nurses for physicians took 
place. Graduates for 195*1 - I960 are forecast herein by as­
suming that graduates in 19^2 - I96O follow the long run trend 
as previously estimated by regression, and that the algebraic 
sum of the deviations from the long run trend for the years 
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19Î+2 - 1951 is zero. Actual graduates in 194^  - 195*0 is 6,6^ 3 
more than would be estimated for the period by the trend equa­
tion, Thus, the trend figure of 3hfh^ h is reduced by 6,6143 to 
derive the 195*1 estimate of 27,811 graduates. This is shown 
graphically in Figure 8, and total forecast graduates is sum­
marized in the following table. 
Table 125. Graduates in nursing forecast for 1951 - I960 
Year Graduates Year Graduates 
1951 27,811 1956 39,451 
1952 35,454 1957 40,451 
1953 36,453 1958 41,450 
1954 37,452 1959 42,449 
1955 38,452 I960 43,449 
In the case of professional nurses, it is not reasonable 
to use death rates as the only factor reducing the supply of 
personnel, A large number of nurses drop out of the labor 
force to assume duties as homemakers, and for other personal 
reasons (25, pages 76 and 77). Margaret West (137, page 657) 
has worked out a series on the percentage of nurses active by 
number of years since graduation. This data is given in the 
following table. 
Using these figures on active nurses per 1,000 graduates 
in conjunction with the data on graduates per year from Table 
124 yields an estimated 355,973 active registered nurses in 
3o5 
Graduates (in thousands) 
- Graduates 
17,465.27 + 
999.36 t 
(1935 = 1) 
22 
21 
20 
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Figure 8, Nursing graduates ( x  denotes forecast values) 
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Table 126. Number of active nurses per 1,000 graduates by 
years since graduation^ 
Years since Number Years since Numb er Years since Number 
graduation graduation graduation 
1 790 18 361 35 308 
2 6^ 0 19 358 36 298 
3 571 20 355 37 287 
4 521 21 352 38 27h 
5 L1.86 22 349 39 258 
6 1^ 62 23 347 40 239 
7 [|Z|6 2k 345 41 216 
8 432 25 344 42 191 
9 420 26 343 43 164 
10 411 27 342 44 136 
11 [|02 28 341 45 113 
12 393 29 340 46 79 
13 385 30 338 47 60 
Ik 377 31 335 48 41 
15 371 32 330 49 27 
16 367 33 325 50 18 
17 364 34 318 51 10 
^Source; (78, page 20^). 
195*0. The difference between this figure and the 375,000 
active nurses listed in Table I9, or 19,207 nurses, was as­
sumed to be active but not registered nurses. It was esti­
mated (78, page 204) that there would be 17,000 active but not 
registered nurses in I960, so the assumption is reasonable. 
Using the data on percentage active in Table 126 together with 
the data on graduates in Tables 12i| and 12^ we can forecast 
the total supply of active registered nurses for each year 
from 195"! to I960 by taking the dot product of the two vectors 
for successive years. The number of active, nonregistered 
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nurses was assumed constant at 19,20? over the entire period. 
The results of the process, converted into net increments, are 
shown in the following table. 
Table 127. Forecast net additions to the supply of active 
professional nurses, 195*1 - I960 
Year Additions Year Additions 
6,619 19^ 6 13,182 
19^ 2 14,736 195*7 13,249 
1^ )5% 13,886 9^5# 13,318 
19^ 4 13,417 1959 13,420 
19^  ^ 13,23^  I960 13,^ 4^  
Practical Nurses 
Estimating the supply of practical nurses is particularly 
difficult because there are essentially two types of practical 
nurses; licensed graduates of approved programs and others 
with little or no formal training. In 195^0, most practical 
nurses had little formal training, but the trend was toward 
establishment of training programs (77, page I7I). Of 356 
training programs in existence in 195*0, 134 were under public 
education control and 212 under hospital control. It is esti­
mated that about 12,000 persons graduated in practical nursing 
in the 1946 - 1950 period (77, pagG 171). These figures are 
not comparable with the data on numbers of new licenses 
issued. In 1945, 858 new licenses were issued, compared with 
11,425 in 1950. Apparently a large number of these licenses 
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were obtained by persons already in the occupation, but un­
licensed, The problem of forecasting is further complicated 
by a paucity of data. There were 5,917 practical nursing 
students in 19^ 0 (20, page 122) compared with 5',05*0 in 1949 
(21, page 37)' Data is not available for earlier years. 
Since the average duration of practical nurse training is nine 
to eighteen months (91, page 15*2), we might expect over 5",000 
graduates in 195'1« The evidence thus far presented does not 
allow estimation of any trend in the number of graduates, and 
it is not at all certain that this figure would be of interest 
in forecasting changes in the supply of practical nurses. As 
noted above, the number of licenses granted is greater than 
the number of graduates of approved courses. In 1950, only 
four states had mandatory licensing for practical nurses (91, 
page 152). It may be assumed that a large number of those 
persons entering this occupation in 1951 - I960 will not be 
formally trained. Thus, additions to supply and graduates of 
approved courses are not synonymous. Further, if we wish to 
define supply in terms of only persons who have completed 
formal training programs, a large portion of total employment 
in 1950 would not be included in supply, A trend is underway 
to upgrade the qualifications of practical nurses and to re­
quire licensing, but in 195*0 this trend had not progressed far 
enou^  to allow equating of the terms "practical nurse" and 
"licensed, formally trained practical nurse". For this reason 
it was assumed that employment would not be supply determined 
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on the basis  of  the output  of  t raining programs for  pract ical  
nurses as a  whole,  and ^ is  est imated as (x*y -
^17 t-1* Tbis in effect  forces a l inear  adjustment 
path for  employment,  Eote that  this  assumption does not  imply 
that  there is  no excess demand for  l icensed pract ical  nurses,  
but  s imply that  the variables in the model  are not  defined in 
such a way as to measure this .  This also does,  not  imply that  
employment for  the occupation as a  whole cannot be supply de­
termined,  I t  is  possible that  at  prevail ing wage rates enough 
persons cannot be recruited to f i l l  al l  available posi t ions,  
even i f  t raining requirements were nonexistent .  The determin­
at ion of supply in this  broader sense must  be accomplished 
using a more inclusive model  covering more sectors of the 
economy than simply the health industry,  as relat ive wage 
rates among the different  opportunit ies  open to individuals  
qualif ied for  pract ical  nurse posi t ions are important .  The 
determination of supply in this  broad sense is  outside the 
scope of  the present  s tudy.  I t  must  be noted that  i f  employ­
ment as  forecast  by the model  herein considered is  greater  
than actual  employment in  I960,  this  may be due to ei ther  an 
incorrect  forecast  of  demand or  to a supply restr ict ion not  
herein est imated.  Further  discussion on this  point  is  re­
served for  the sect ion on evaluation of the results  of the 
forecast  of  employment.  
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Aides,  Orderl ies ,  and Attendants 
Most  auxil iary nursing personnel ,  with the exception of 
pract ical  nurses,  are t rained by some form of on-the-job 
training (77,  page 171).  Thus,  the upper bound constraint  for  
this  category would not  be expected to be binding under normal 
circumstances.  As in  the case of dental  off ice assistants ,  
for  3 = 18 Is  est imated as 
This guarantees that  employment wil l  not  be supply determined 
in i960,  and forces a l inear  adjustment path.  The coiments 
regarding this  type of assumption made in  the previous sect ion 
on pract ical  nurses apply here as well .  
Sanitary Engineers 
The percentage distr ibution of sanitary engineers by age 
and sex category for  19^0 -  I960 was assumed to be the same 
as the distr ibution of a l l  civi l  engineers as a  whole in 19^0.  
No data was available regarding sanitary engineers as  such.  
Table 128.  Percentage distr ibution of c ivi l  engineers by 
age and sex category,  19^0^ 
Age Male Female 
15 -  24 6.6 0.2 
-  34 24.3 0.4 
32 -  44 27.2 0.6 
22.6 0.2 
22 - 64 13.2 0.1 
62 -  74 3.7 -
72 and over 0.6 
^Source: (95, pages 37 and .  
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Multiplying the above percentages t imes the death rate 
for  each age and sex category (Table 87) and summing yields a 
forecast  9.5 deaths per  1,000 sanitary engineers per  year in 
19^1 -  19^5" and 8.8 in 195'6 -  I960.  
Data on the output  of  sanitary engineers is  summarized in 
the fol lowing table.  
Table 129.  G-raduates of  courses in sanitary engineering,  
selected years®'  
Year Graduates Ye ar  G-raduat  es  
1925 41 1944 73 
1930 49 1945 48 
1935 86 1946 36 
1940 124 1947 120 
1941 106 1948 168 
1942 101 1949 247 
1943 85 1950 287 
^Source :  (78, page 220),  
The long run trend in graduates is  est imated by regress-
ing graduates on t ime for  the years 192'5 ' ,  1930,  1935",  19^0,  
and 19^1.  This yields sanitary engineering graduates = 
29,6 + 5.06 t ,  where t ime is  coded 1925 = 1 .  Unfortunately,  
we have no data on the total  number of  s tudents  enrolled in 
sanitary engineering curricula,  and therefore cannot est imate 
when the postwar "bulge" in graduates wil l  end.  This is  est i­
mated by summing the total  number of  graduates in sanitary 
engineering which would have been produced at  the long run 
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t rend rate over the period 19^2 to 195*0,  and then subtract ing 
the actual  number of  graduates during this  period.  The dif­
ference,  or  lOJLj.  graduates for  the case in point ,  is  the amount 
of  the "bulge" not  accounted for  by 1950.  This was added to 
the 195*1 t rend f igure.  As is  indicated schematical ly in Fig­
ure 9,  this  amounts to  assuming that  the algebraic sum of the 
deviat ions about the trend l ine for  1942 through 195*1 equals  
zero.  The fol lowing table indicates the number of  graduates 
forecast  for  195*1 -  i960.  
Table 130.  Sanitary engineering graduates forecast  for  
1951 -  I960 
Year Graduates Year Graduates 
1951 270 195*6 192 
195*2 171 195*7 197 
1953 176 195*8 202 
1954 181 1959 207 
1955 186 I960 212 
Sanit  ar ians 
The occupation category of sanitarian was a  relat ively 
new one in 1950.  As Burney notes,  wri t ing in 1952,  "Special­
ized training of the nonengineering sanitarian is  only just  
beginning" (29,  page 73).  Data on students  and graduates is  
available for  only three years.  In 1948,  there were 67 
s tudents  and 27 graduates in sanitat ion.  In 1949,  there were 
106 students and 34 graduates, and in 195b, 138 students and 
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Figure 9,  Sanitary engineering graduates (x denotes forecast  values)  
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5*9 graduates (78,  page 221).  Thus, the number of graduates 
more than doubled in two years. Data on only three years is 
not reliable for forecasting a trend, however, particularly if 
the three years are not separated by a number of years. Since 
the sanitarian must complete a college degree to be fully 
qualified, the average length of training is at least four 
years. The ratio of students to graduates is much less than 
four to one, so it is assumed that most students do not indi­
cate an intention to pursue this course of training until 
approximately their junior year in college. Even given this, 
a forecaster operating in 195*0 would have been able to esti­
mate graduates in sanitation for 19^1 and 19^2 by using suit­
able survey techniques. Under this rationalization, 19^ .8 -
195*2 data on graduates is used herein to forecast 19^3 -  I960 
graduates. It may be noted that this same rationalization 
would have applied to other forecasts made in this study, but 
it was not used. It is used for sanitarians because otherwise 
no forecast would be possible. There were 107 graduates in 
sanitation in 195*1 (29,  page 73) and 113 in 195*2 (30,  page 
219) . Regressing graduates on time for the period 19^8 - 195*2 
yields graduates = -^ .5 + 2I|,5 t, where time is coded 19^ .8 = 1, 
The correlation coefficient is ,96, Anong other things, this 
equation tells us that the number of graduates in 1947 was 
negative, which is impossible. Because of this fact, as well 
as on the basis of the qualitative information previously pre­
sented, it was felt that a nonlinear function might be a 
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better indicator of the true trend. The form of equation used 
was graduates = a t^, or log(graduat es ) = a + b log t, where 
a and b are parameters to be estimated. As discussed in the 
section on estimating employment of occupational therapists 
using the naive model, the values of the parameters in this 
type of equation depend upon the units used to code the time 
variable, jSxperlment ati on disclosed that the best fit was ob­
tained by coding time such that 19i|8 = 1,0, 1949 = 1.1, and so 
forth. This yields log(graduates) = 1,39979 + 4.77397 log t, 
or graduates = 25'.107 The correlation coefficient 
is .98. Using this equation to generate forecast graduates 
for 195*3 - i960 yields the following. 
Table I3I. Forecast graduates in sanitation, 195*3 - I960 
Year Graduates Tear Graduates 
19^ 3 174 195*7 5:38 
19^ 4 237 193# 687 
193^ 317 19^9 867 
195*6 415 I960 1,083 
Of 5,820 sanitarians employed in state amd local health 
departments in 195*2, only 62 were women. Thus, the age ad­
justed death rate for male sanitary engineers aged l5 and over 
was assumed to apply to sanitarians, in the absence of data on 
the age distribution of persons in this occupation. Using 
data from Tables 87 and 128, we derive a forecast of 9.6 
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deaths per 1,000 sanitarians in 195*1 - 19^5" and 8,9 in 19^6 -
I960. 
Total Resource Constraint 
In order to estimate the coefficients for the total re­
source constraint, it is necessary to obtain estimates of 
average annual earnings for all occupations in 1950, and then 
to project these figures to I960, 'The 195*0 data is listed in 
Table 132, The figures in the relative earnings column are 
derived by dividing each earnings figure by $1,^87, the 
average annual earnings for occupation code l8, and multiply­
ing by 100 to form an index number. These figures will become 
the weights in the objective function of the recursive pro­
gram, as explained later. Earnings figures for self employed 
persons are net of business costs. For several occupations, 
where census data was used, the "average annual earnings" 
figure is actually "median annual earnings". As in the case 
of most income data, it may be inferred that the median is 
lower than the average, but the amount of error introduced by 
using data on median income cannot be estimated. 
Projecting the average annual earnings figures to I960 
presents a problem, since no data is available on trends in 
average earnings for the occupations in question. Data is 
available on trends in average weekly gross earnings in manu­
facturing industries, expressed in constant dollars (38, page 
226). This index, converted to a 195*0 base, is shown in Table 
133 and graphed in Figure 10, 
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Figure 10. Index of gross weekly earnings in the manufac­
turing industries, in constant dollars, 19^ 0 = 100 
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Table 132, Average annual earnings in 19^0 by occupation 
code, and relative average annual earnings®»" 
Occupation 
code 
Aver age 
annual 
earnings 
Relative Occupation 
Code 
Average 
annual 
earnings 
Relative 
1 8,669 
2 4,363 
3 3,437 
4 2,202 
5 3,626 
6 2,941 
7 3,259 
8 4,563 
9 4,524 
10 3,042 
546 11 
275 12 
217 13 
139 14 
228 15 
185 16 
205 17 
288 18 
285 19 
192 20 
3,111 196 
6,820 430 
1,699 107 
2,500 158 
3,293 207 
2,313 146 
1,735 109 
1,587 100 
4,300 271 
3,200 202 
^Source: (95, pages 183, 186, 189, 191, 194, and 197) 
(91, pages 62, 73, 15%. 237, and 110) (I32, page 33) (133, 
page 16) (79, pages 2^8 and 259)., 
N^ot e; Since data was primarily for 19^ 9, 1950 estimates 
are obtained by deflating by an index of average gross weekly 
earnings in manufacturing, 1950 = 100 (38, page 266). This is 
an index of earnings in current prices. 
Table 133. Index of gross average weekly earnings in the 
manufacturing industries, expressed in constant 
doll^ s, 1950 = 100& 
Year Index Year Index 
1940 73.5 194.6 91.5 
1941 82,5 1947 90.8 
1942 92.9 1948 91.1 
1943 102,6 1949 93.2 
1944 107.1 1950 100.0 
1945 101.3 
^Source : ( 3 8 ,  page 226). 
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The trend is obviously nonlinear. The true trend is 
estimated by extrapolating through the end points, 19^ 0 and 
195b, of the series. This yields an index for i960 of 126.5". 
This trend is assumed to apply to each of the twenty annual 
earnings figures considered herein, thereby leaving relative 
wage rates between occupations unchanged over the entire 
period. Note that these increases are in real wages, i.e. 
expressed in constant 19^0 dollars. The indices for inter­
mediate years are listed in the following table. 
Table 13I|. Projected index of average annual earnings, 
1951 - I960 
Year Index Year _ Index 
1951 102.65 1956 115.90 
1952 105.30 1957 118.55 
1953 107.95 1958 121.20 
1954 110.60 1959 123.85 
1955 113.25 I960 126.50 
The forecast  average annual  earnings in each occupation 
shown in the fol lowing table are derived by mult iplying the 
1950 average annual  earnings f igures in Table I32 t imes the 
index numbers shown above and dividing by a hundred.  
Mult iplying the average annual  earnings for  each occupa­
t ion in 1950 (Table 132) t imes the number of  persons employed 
in that  occupation in 1950 (Table I9)  and summing over a l l  
occupations yields a  total  payroll  of  $4,771,9^1,964.  
Table 135. Forecast average annual earnings by occupation, 19^1 - I960, 
in constant 19^0 dollars 
Occupation 
code 1951 1952 1953 1954 1955 1956 195? 1958 1959 I960 
1 
2 
3 
I 
6 
7 
8 
9 
10 
II 
12 
13 
1^ 
16 
17 
18 
19 
20 
8,899 
3^%aB 
2,260 
3,722 
4,684 
4,644 
3,123 
3,193 
7,001 
Z\5&6 
3,360 
î'Ml 
1,629 
3,'285 
9,128 
4,594 
3,619 
2,319 
3,818 
3,097 
3,432 
4,8o5 
4,764 
3,203 
1,789 
2,633 
3,1*68 
k',%^ 
3,370 
9,358 
4,710 
3,710 
2,377 
3,914 
klli 
41884 
I; 834 
3IM5 
I M  
1,713 
4,642 
3,454 
9,588 
4,825 
3,801 
2,435 
4,010 
3,253 
3,604 
5,047 
5,004 
3,364 
71^43 
2^765 
i;755 
4,756 
3,539 
9,818 
4,941 
3,892 
2,494 
4,106 
3,331 
3,691 
5,168 
5,123 
3,445 
3,523 
7,724 
1,924 
2,831 
3,729 
iM 
4,870 
3,624 
^5', 0^7 
i:?ï 
4,203 
3,409 
3,777 
Î 
3,606 
7,904 
1,969 
2,898 
kill 
2,011 
1,839 
4,984 
3,709 
10,277 
5,172 
4,075 
2,610 
4,299 |;ffi 
3,606 
3,688 
8,085 
2,014 
2,964 
3,904 
2,742 
2,057 
1,881 
5,098 
3,794 
10,507 
5,288 
4,166 
2,669 
4,395 
3,564 
3,687 
3,771 
8,266 
2,059 
3,030 
3,991 
2,803 
2,103 
5^212 
3,878 
10,737 
5,404 
4,257 
2,727 
4,491 
3,642 
5,603 
hill 
8,447 
2,104 
3,096 
1-SÎ 
2,149 
kN 
3,963 
10,966 
5,519 
4,348 
2,786 
4,587 
3,720 
4,123 
l:îl 
i:SI 
8,627 
2,149 
3,163 
4,166 
2,926 
2,195 
2,008 
5,440 
4,048 
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Total expenditures on health in the nation as a whole are 
shown in the following table. The oolumn on expenditures in 
constant 19^0 dollars is derived by converting the consumer 
price index for medical care (38, page 21^ 1^ ) to a 19^ 0 base and 
dividing the current dollar expenditures by the resulting 
index. 
Table I36. Total expenditures on health in the United States, 
selected years& 
Year Expenditures in millions of dollars 
Current dollars Constant 195^ 0 dollars 
1936 3,299 4,880 
1941 4,844 7,030 
1946 9,0^ 0 10,943 
1949 11,6^ 4 11,880 
195b 12,^ 72 12,272 
a, Source: (79, page 1^1) 
Total salary expense for all persons employed in the 
twenty occupations considered is thus 37.96^ of all expendi­
tures on health in 19^0. This percentage is assumed invariant 
over the 19^0 - I960 period. This assumption is unsubstan­
tiated by any evidence regarding its reality, but no informa­
tion is available regarding trends in this percentage. 
We could attempt to forecast total expenditures on health 
by using regression analysis on the data in Table 136, but 
there is evidence to suggest that the apparent linearity in 
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the constant dollar data is misleading. The President's 
Commission on the Health Needs of the Nation (79, page 1^ 0) 
states that ^'the per cent of our net national product spent 
for civilian health services and facilities has not increased 
appreciably over this period of time" (1929 to 19^1). How­
ever, the commission was using current dollar data to arrive 
at this conclusion, and the numerator and denominator of the 
ratio should not be deflated by the same price index. Total 
expenditures on health are best deflated using the medical 
services component of the consumer price index, as consumer 
expenditures make up over 6^% of total expenditures. Net 
national product, however, is most properly deflated using the 
implicit G-NP price deflator. Net national product in both 
current dollars and deflated by the implicit G-NP price de­
flator, adjusted to a 19^0 base, is shown in the following 
t able, 
Taking total expenditures on health (Table 136) as a per­
centage of net national product in Table 137, both expressed 
in terms of constant 1950 dollars yields the information in 
Table 138. 
It may be observed that the percentage is certainly not 
constant over the 1936 to 195^0 period, and in fact appears to 
be increasing in a linear manner. Regressing the percentages 
for 1936, 1941, 1946, 1949, and 19^ 0 on time, coded 1936 = 1, 
yields per cent = 3.2158 + ,1096 t. The correlation coeffi­
cient is ,95* The forecast figures on expenditures on health 
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Table 137. Net national product, current dollars and 19^0 
constant dollars, 1936 - 195^0 (expressed in 
billions)* 
Year Current dollars Deflated to 1920 base 
1936 72.2 141.1 
1937 83.0 120.1 
1938 77.4 142.3 
1939 83.3 122.1 
1940 92.1 168.7 
1941 116.3 196.8 
1942 148.1 222.3 
1943 181.3 249.7 
1944 199.1 268.0 
1942 200.7 264.1 
1946 198.6 238.1 
1947 219.1 236.4 
1948 243.0 242.7 
1949 239.9 243.6 
1920 266.4 266.4 
^Source: (38, pages 196 and 204). 
Table I38, Total expenditures on health as a per cent of net 
national product, selected years 1936 - 1920 and 
forecast 1921 - I960, expressed in terms of con­
stant 1920 dollars 
Year Per cent Year fer cent 
1936 3.46 1924 2.30 
1941 3.27 1922 2.41 
1946 4.60 1926 2.22 
1949 4.88 1927 2.63 
1920 4.72 1928 2.74 
1921 4.97 1929 2.82 
1922 2.08 I960 2.96 
1923 2.19 
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as a per cent of net national product shown in Table I38 are 
generated using this equation. 
It then remains to forecast net national product for 
19^1 - i960. The constant dollar net national product data 
listed in Table 137 is shown graphically in Figure 11, If the 
war years, 1941 - 1942, are excluded, a linear trend is appar­
ent, Regressing the constant dollar net national product data 
for 1936 - 1940 and 194& - 192o on time, coded 1936 = 1, 
yields MP = 124.99 + 9.22 t, expressed in billions of dollars. 
The correlation coefficient is ,99. Using this equation we 
can generate a series on forecast constant dollar net national 
product for 1921 - I960. Multiplying these forecast figures 
by the percentages in Table I38 gives us forecast total ex­
penditures on health for each year, 1921 - I960. Finally, by 
multiplying each of these figures times the constant .3796 
previously derived, we obtain the following. 
Table 139. Forecast total funds available for disbursement as 
income to the twenty occupations considered herein, 
1921 - I960 
Year Dollars Year Dollars 
1921 
1922 
1923 
!IS 
1926 
1927 
1928 
1929 
i960 
6,676,128,421 
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Figure 11, Net national product in constant 19^0 dollars 
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Using the notation previously developed, we can now use 
the information in Tables 135 and 139 to derive the total 
resource constraints for the recursive program. These are of 
the form S AAE.. < TR. , j Jt - t 
Estimation of Parameters for Objective Function 
In the second chapter, the form of the objective function 
was specified as min, S j^r^(xV^ - )/x?rpThe rj is a 
weight representing the "relative urgency" of decreasing the 
difference between demand and actual employment by one unit, 
expressed as a percentage. The relative average annual earn­
ings figures in Table 132 are used as estimates of the rj in 
this analysis. The rationalization for this is that the 
ratios of average annual earnings for any two occupations are 
reasonable approximations to the ratios of marginal revenue 
products for these occupations. It is assumed that the health 
industry would place a higher priority upon reducing the gap 
between demand and employment for those occupations having 
higher marginal revenue products. Only the relative average 
annual earnings are of importance in the analysis used herein. 
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CHAPTER XII. GENERATION OP EMPLOYMENT FORECAST 
IN TESTING PROCESS 
All of the parameters required to make the recursive pro­
gram described in chapter two operative have notr been esti­
mated, The programs for each of the ten years, 195^ 1 - I960, 
are shown in the following figures. The solution values are 
listed in Table llj.0, and the time path of employment by occu­
pation is graphed in Figures 22, 23, and 21|., Note that the 
scales on the vertical axes are not the same on all figures. 
The solution values were obtained using the Iowa State 
University computer (IBM 360) and a program with the code name 
^'Zorilla^' (88), This program is specifically designed to 
optimize a quadratic and linear form summed subject to linear 
restraints, and is operational as long as the quadratic form 
is positive semi-definite for a minimization probtem (88, page 
2), The quadratic form in the problem is positive definite, 
which not only guarantees a solution, but insures that this 
solution will be unique (52, page 213). It is easily seen 
that the quadratic form is positive definite, S ^^ T^ " 
 ^[fj - 2 r^  + r| o^ the 
matrix D of the generalized quadratic form X*Dx is a diagonal 
matrix with elements rj/xjrp^. Since both r^ and xj^, are 
squared, all diagonal elements are positive. Then the deter­
minant of D and all principal subdeterminants are positive, 
which is one means of defining a positive definite form (76, 
328 
page 911) . 
The following objective function is written in the ez-
panded form, ignoring the additive constants r^, These con­
stants are irrelevant in the optimization process. Since only 
the constraint matrix changes from year to year, the following 
function is applicable for all ten time periods. The follow­
ing figures list the constraint matrices for each period. 
Min. - [1039.70256 x^  + 634.28893 %2 + 1895.99775 X3 + 
+ 633.95347 + 895.34964 X^ + 470.38854 Xg + 
+ 1917.81134 + 4464.63^^9 xg + 9001.99490 Xg + 
+ 5066.52006 x^ Q + 3912.41470 X;li + 1453.^ 4779 X;L2 + 
+ 137.31111 + 2092.89068 x^  ^+ 1665.59123 + 
+ 38.36435 + 48.91716 x,„ + 20.82600 x,o + 
16 r 2 
+ 6859.79824 X]^g + 4523.72505 X20J + 1/2 [3.62604 + 
+ 5.31997 %2 + 76.34070 x| + 20.80105 + 
+ 15.42111 x| + 6.46502 xg + 87.51934 + 
+ 240.31842 xg + 997.67205 Xg + 696.33316 x^^ + 
+ 398.45348 x^  ^+ 11.42672 x^ 2 + 1.64681 x^  ^+ 
+ 175.46032 x^^ + 64.743^0 x^l + .06905 + 
+ .20140 x^y + .04337 x^g + 640.74334 x^g + 
+ 501.52162 X2Q] 
Note that demand has been coded to three decimal places 
and the entire objective function was divided by the constant 
two. This was necessary to accomodate the data to the com­
puter program. Multiplication of the objective function by 
any constant has no effect upon the results. 
1^,51 
2^,51 
6^,51 
7^,51 
""9,51 
*10,51 
*11,51 
*12,51 
*13,51 
*14,51 
*15,51 
*16,51 
*17,51 
< .9830 + 6,329 
< 
.9879 *2,50 + 4,130 
< .9865 + 1,005 
< 
*4,50 + 2,079 
< .9893 + 2,249 
< 
.9964 ^6,50 + 1,146 
< 19,471 
< .9878 + 495 
< .9857 + 400 
< .9942 + 424 
< .9942 + 581 
< ,9859 Xi2,50 + 2,830 
< 58,018 
< '9897 + 562 
< .9946 + 1,120 
< 381,619 
< 147,588 
Figure 12, 1951 constraint matrix 
^18,^1 < 300,000 
=19,21 < .9902 *19,20 "*• 270 
*20,Si < .9904 *20,20 
^1,51 > 
0
 
0^ CO Ch 
.
 =1,20 
=3,21 > .9862 *3,20 
*8,21 > .9878 *8,20 
*12,21 > .9829 *12,20 
(3 / 1, 3, 8, 12) > 0 
8,899 + 4,479 + 3,228 + 2,260 + 
 ^3,722 x^^+ 3,019 3,342 4,684 X0^^^ + 
+ 4,644 + 3,123 •*• 3,193 + 7,001 ^12,^1 + 
+ 1,744 ^13^51 2,266 + 3,380 + 
+ 2,374 ^16,^1 "•• l»'78l 1^7^ 51 + 1,629 3c^8,2l 
+ 4,414 + 3,282 X20,2l < 2,141,206,361 
Figure 12, (Continued) 
1^,52 
2^,52 
*3,52 
6^,52 
7^,52 
""8,52 
""9,52 
*10,52 
^11,52 
1^2,52 
*13,52 
*14,52 
*15,52 
=16,52 
*17,52 
< .9832 + 6,508 
< .9879 + 2,893 
< .986? + 955 
< .93140 + 2,079 
< 
.9843 xg_gi + 2,525 
< 
.9964 + 1,398 
< 19,743 
< .9878 + 509 
< 
.98?7 + 450 
< 
.991t2 =^ 1^0^ 51 + 457 
< 
.99H2 + 620 
< ,9859 + 2,927 
< 60,836 
< -9897 + 594 
< 
.99!i6 + 1,120 
< 396,355 
< 158,176 
Figure 13. 1952 constraint matrix 
*18,# 
=19,22 
=20,# 
=1,# 
=8,# 
< 35b,000 
< .9905 + 
< .9904 X20,5l 
> .9832 
- •9865 
> .9878 =Q^ 2l 
- «9859 ^ 12,51 
> 0 
1^2,52 
Xj^^2 (i ^  1, 3, 8, 12) 
9,128 4,594 ^ 2,52 ^  3,619 2^ ^  2,319 
+ 3,818 3,097 ^ 6,52 3,432 Xy^ 2^ + 4,8o5 ^ 8,52 •*• 
•*• 4,764 ^ 9,52 ^  3,203 ^ X0,52 ^  3,276 x^ ^^ 2^ •*• 7,181 x^ 2^ 52 ^  
+ 1,789 ^ 13^ 52 + ^ »633 ^ 14^ 52 3,468 X]_^ ^^ 2 
+ 2,436 x^^^^2 •*" 1>827 x^y^^g + 1,671 x^g^^g 
+ 4,528 + 3,370 X2O^ 2^ < 5,432,791,166 
171 
113 
VaJ 
U> f\J 
Figure 13. (GontInued) 
1^,53 
2^,^ 3 
3^,^ 3 
=6,23 
""7,53 
=8,^ 3 
*10,33 
*11,53 
*12,53 
*13,53 
*14,53 
*15,53 
=16,53 
*17,53 
< 
.9835 ^ 1^ 52 + 6 ,779 
< ,9879 X2 52 + 2 ,282 
< 
.9865 ^2 + 838 
< .9340 + 2 ,079 
< 
.9893 =2,52 + 2 ,816 
< 
.9964 =6^22 + 1 ,706 
< 20,014 
< .9878 + 522 
< .9857 + 500 
< 
.9942 X;L0,52 + 490 
< 
.9942 + 672 
< 
.9859 X^ 2,22 + 2 ,922 
< 63,654 
< 
.9897 x^^^^2 + 625 
< •9946 x^^^^2 + 1 ,120 
< 410,241 
< 168,764 
Figure 14. 1953 constraint matrix 
l^8 53 — 350,000 
1^9,53 - 1^9,52 
"^20,53 '9904 + 
1,53  ^'9835 
3^,53  ^'9865 
8^,53 - '9878 XQ^ 2^ 
174 
1^2,53 - '9859 
^^ ,53 (3 ^  1* 3' 8, 12) > 0 
9,358 + 4,710 X2^ 53 + 3,710 X3^ 3^ + 2,377 x^ ^^ 3 + 
+ 3,914 x^ ^^ 3 + 3,175 ^ 6,53 "*" 3,518 ^ 7,^ 3 + 4,926 xg^ 3^ + -F 
+ 4,884 xg^^3 + 3,284 x^Q^^3 + 3,358 + 7,362 x;L2,53 + 
+ 1,834 1^3,53 + 2,699 3C;L4^ 5'3 + 3,555 1^5,53 + 
+ 2,497 ^ 16,53 1,873 ^ i7^ 3^ + 1,713 ^ 18,53 
+ 4,642 x^9^^3 + 3,454 3:20,53 - 5,732,075,778 
KjJ 
w 
Figure 14. (Continued) 
A 
''it, 54 
"^ 6,54 
^^ 7,54 
""8,54 
3^ ,54 
*10,54 
*11,54 
*12,54 
*13,54 
*14,54 
*15,54 
*16,54 
*17,54 
< .9837 + 6 ,967 
< ,9879 ^2,^3 + 2 ,326 
< .9865 + 853 
< 
•9340 ^[j.^5'3 + 2 ,079 
< .9893 + 3 ,121 
< .9964 + 2 0
 
00
 
(-
' 
< 20,285 
< .9878 + 536 
< .9857 + 550 
< 
.9942 ^10,^3 + 523 
< 
.9942 53 + 724 
< 
.9859 ^12,53 + 3 ,000 
< 66,472 
< 
.9897 ^ 11^^53 + 657 
< 
.9946 %i2,;3 + 1 ,120 
< 423,658 
< 179,352 
Figure l5. 1954 constraint matrix 
X 8,sit 
3^,5Ï+ U ^  3» 8, ^ 2) 
9,588 x^^5ij + 4,82g Tig^g^ + 3,801 + 2,lt3S :=[»,* + 
+ 4,010 * 3,253 ^ f,,?k * 3,601* ^ Y,?!) * 8^,A * 
+ 5,004 Xg]g^ + 3,364 ^10,54 + ''11.54 + ''•^^ ""iz,* " 
+ 1,879 ^13,^4 + 2J65 + 3,642 H5,S4 * 
+ 2,558 gh + i.")!? ^17,54 •" ^"18,54 "• 
+ 4,756 . 3,539 .,0.54 
181 
^19,54 - •''''°^ ""19,53 "• 
2^0,54 - ''20,53 * 
> .9837 
> ,986^  
> ,9878 Xg 
1^2,54 -
> 0 
\jO VjJ 
cr> 
Figure 1^ , (Continued) 
< .9840 + 7,242 
=2,55 < .9879 + 2,370 
< ,9865 + 868 
< .9340 + 2,079 
< .9893 + 3,442 
=6,55 < .9964 =6,54 + 2,538 
=7,55 < 20,557 
=8,55 < .9878 =Q^24 + 550 
=9,55 < .9857 + 600 
=10,55 < .9942 + 556 
""11,55 < ,9942 + 776 
=12,55 < •9859 + 3,000 
=13,55 < 69,290 
=14,55 < .9897 + 689 
=15,55 < ,9946 5]^  + 1,120 
=16,55 < 436,893 
=17,55 < 189,940 
Figure 16, 19^5 constraint matrix 
=18,# < 350,585 
*19,55 < ,9905 + 186 
*20,55 < "9904 ^20,54 ^ 
*1,55 > .9840 %i^24 
*3,55 > .9865 
""8,55 > .9878 
*12,55 > •9859 *12,54 
(i ^ 1, 3, 8, 12) > 0 
9,818 ^x,55 4,941 ^2,55 ^ 3,892 ^3^^^ + 2,494 ^4,55 
+ 4,106 + 3,331 ^6,55 •'• 3,691 + 5,168 ^8,55 
+ 5,123 ^9^^$ + 3,445 ^10,55 + 3,523 ^11,+ 7,724 2^5^2,55 
+ 1,924 + 2,831 + 3,729 + 
+ 2,619 + 1,965 ^17,55 + 1,797 %i8,55 + 
+ 4,870 ^X9,55 ^ 3,624 x^Q^^^ < 6,353,744,420 
Figure 16, (Continued) 
< ,9843 ^1^55 ^ 7,478 
*2,^6 < ,9888 Xg + 2,413 
*3,^6 < ,9870 + 883 
< .mo + 2,406 
< .9896 + 3,778 
=6,# < 
.9969%6,55 + 3,096 
=7,26 < 20,828 
< '9887 + 563 
< 
.9854 ^^55 + 65o 
=10,56 < .9950 ^10,55 589 
=11,# < •9950 =11 25 829 
=12,# < .9868 x^2 + 3,000 
=13,56 < 72,108 
=14,56 < .9901 720 
=15,56 < •9951 =12,55 * 1,120 
=16,56 < 450,075 
=17,56 < 200,528 
Figure 17. 1956 constraint matrix 
'l8,S6 
*19, 
=20,56 
=1,56 
=3,56 
"8,56 
'12,56 
Xj 56 ^^ ^ 3, 8, 12) 
10,047 X;l,56 + 2,05% =2,56 + 3,983 23,56 + 2,552 X4,56 
<376,501 
< .9912 =19,25 + 
< .9911 =20,55 
> .9843 =1,55 
> .9870 X2,55 
> .9887 =8^25 
> .9868 =12,55 
> 0 
+ 4,203 3,409 =6,26 3*777 =7,56 ^'289 =8,56 
+ 5,243 =9]5& + 3,526 + 3,606 + 7,904 =12,56 
+ 1,969 =13,56 2,898 =11^^56 3,817 =15,56 
+ 2,681 25 + 2,011 =17^56 + lj839 =18,56 
+ k,m + 3.7°9 ^=20.56 -
+ 
+ 
192 
415 
U) 
•p-
o 
Figure 17, (Continued) 
=1,5^ < .9842 =1^26 + 7,714 
=2,27 < .9888 + 2,428 
=3,27 < ,9870 + 898 
=4,27 < '9340 =4,26 + 2,406 
=2,27 < .9896 Xg^^G + 4,128 
''6,27 
< 
.9969 x^^^G + 3,777 
=7,27 < 21,099 
=8,27 < .9887 XQ^26 + 277 
""9,27 
< 
.9824 =9^26 + 700 
=10,27 < .9920 ^10,^6 + 622 
=11,27 < .9920 + 881 
=12,27 < .9868 =12,26 + 3,000 
=13,27 < 74,926 
*14,27 
< .9901 + 722 
=12,27 < .9921 + 1,120 
=16,27 < 463,324 
=17,27 < 211,116 
Figure 18. 1927 constraint matrix 
*18,57 
=19,57 
=20,57 
=1,57 
=3,57 
=8,57 
=12,57 
=j>5^7 ^^ ^ 3, 8, 12) 
10,277 ^ 1^ 57 *^^ 72 + 4,075 ^ 3,57 ^  2,610 x^ ^^ 7 + 
+ 4,299 + 3,487 ^6,57 •*• 3,864 Xy^^Y + ^,409 ^8,57 + 
+ 5,363 ^9^57  ^3,606 x^Q + 3,688 x^^ ^Y ^ 8,085 x^ 2 ^ Y 
+ 2,014 ^ 13,57 2,964 %14,57 ^  3,904 x^ ^^ Y^ 
+ 2,742 ^ 6^,57 ^  2,057 %1Y,57 ^  1,881 x^ 0^ Y^ 
+ 5,098 ^18,57 3,794 %2o,57 
< 402,418 
< .9912 4. 197 
< 
.9911 =20,56 538 
> 
.9845 =1^26 
> ,9870 Xj^ a^ 
> .9887 
> '9868 =12,56 
> 0 
VjO f 
r\j 
+ 
< 7,006,212,288 
Figure 18. (Continued) 
=1,58 
=2,5% 
=3,58 
=4,28 
=6,28 
=7,28 
=8,28 
=9,28 
=10,28 
=11,28 
=13,SB 
=12,28 
=16,28 
=17,58 
< .9849 + 7,951 
< ,9888 Xg + 2,202 
< ,9870 x^ + 913 
< .9340 + 2,406 
< 
.9896 =5^27 + 4,493 
< 
.9969 ^6^57 + 4,607 
< 21,370 
< 
.9887 ^8,27 + 291 
< 
.9824 %9,27 + 720 
< •9950 X;LO,57 + 622 
< 
.9920 ^11 + 932 
< .986Ô Xn 4 K<7 % ">000 ^ + 3,000 
— 
> Z> \ 000 
< 77,744 
< ,9901 + 76lt 
< .9951 + 1,120 
< 476,642 
< 221,704 
Figure 19. 1958 constraint matrix 
*18,58 
*19,58 
X 20,58 
=1,58 
*3,58 
X 8,58 
'a, 58 ( j  ^  1 ,  3 ,  8 ,  12)  
"12,58 
J pu " ' ' 
10,507 ^1^^8 5,288 X2,58 4,166 ^3,58 2,669 "i 
+ 4,395 3,564 3,950 + 5,530 
+ 5,483 Xg,28 3,687 Zio,58 3,771 X^;L,58 8,266 xi2,5# 
+ 2,059 ^i3^^g + 3,030 + 3,991 Xi2\58 
+ 2,803 ^16^58 ^»^°3 ^i7^^g + 1,923 XiQ^c# 
+ 5,212 x^g^^g + 3,878 ^20,^8 
< 428,335 
< .9912 + 
< .9911 ^20 , 57 
> .9848 X^^^^ 
> .9870 Xj^^'y 
> .9887 xg^^Y 
- '9868 XJ^2^57 
> 0 
+ 
+ 
< 7,343,995,932 
202 
687 
U) 
g 
Figure 19, (Continued) 
=1,59 
=2,59 
^3,59 
=4,59 
''5,59 
%6,59 
=7,59 
=8,59 
=9,59 
=10,59 
=11,59 
=12,59 
=13,59 
=14,59 
=15,59 
=16,59 
=17,59 
< ,9850 + 8,187 
< .9888 + 2,545 
< 
.9870 12,58 + 928 
< '9340 + 2,406 
< 
.9876 X2,28 + 4,873 
< .9969 x^^^G + 5,620 
< 21,61+2 
< .9887 Xg^^Q + 605 
< 
.9854 ^9^58 + 800 
< 
•9950 %io^58 + 688 
< 
.9950 Xii^28 + 985 
< '9868 Xi2,58 + 3,000 
< 
0
 
CO 
< 
.9901 =i%^28 + 816 
< 
.9951 %i2,58 + 1,120 
< 490,062 
< 232,292 
Figure 20. 1959 constraint matrix 
- 45^,25% 
=19,29 - .9912.  ^ 207 
=20,5% 5 .9911 =20,5% G67 
=1,5% > '9820 
=3,29 % '9870 =3^28 
=8,29 % '9887 =8,28 
=12,29 - '9868 xi2,28 
Xj,c% (j 1, 3, 8, 12) > 0 
10,737 + 2,404 =2,29 4,227 2^3,59 + 2,727 + 
+ 4,491 + 3,642 x^^^'g + 4,036 Xy^^g + 2,621 *8,29 
+ 2,603 ^9^29 "*" 3,768 x^Q^^g + 3,823 ^11^29 8,447 =12,29 ^ 
+ 2,104 ^13,29 3,096 Xi^^^'9 + 4,078 + 
+ 2,862 ^x6,29 ^ 2,149 =17^29 1,962 ^18,29 
+ 2,326 Xi9,5% + 3,963 =20,29 - 7,689,479,382 
Figure 20, (Continued) 
60 
2,60 
=3,60 
=4,60 
=5,60 
=6,60 
=7,60 
=8,60 
=9,60 
=10,60 
=11,60 
=12,60 
*13,60 
^14,60 
=15,60 
=16,60 
=17,60 
< 
.9853 ^1^59 + 8,423 
< .9888 + 2,589 
< ,9870 + 943 
< •9340 + 2,406 
< 
.9896 X2,29 + 5,268 
< .9969 + 6,855 
< 21,913 
< .9887 + 618 
< 
.9854 =9,29 + 850 
< 
.9950 ^10,59 + 721 
< 
.9950 x^x,59 + 1,037 
< 
.9868 ^12,59 + 3,000 
< 83,380 
< .9901 + 847 
< 
•9951 ^15,59 + 1,120 
< 503,607 
< 242,880 
Figure 21. I96O constraint matrix 
=18,60 
*19,60 
*20,60 
*1,60 
=3,60 
=8,60 
*12,60 
%j,60 ^ 1, 3, 8, 12) 
10,-966 X;L,60 + 2,219 =2,60 + 4,348 + 2,786 + 
+ 4,287 =2,60 + 3,720 *6,60 + 4,123 *7,60 + 2,772 xg^aQ + 
+ 2,723 xg,60 3,848 xio^60 + 3,932 xii,60 + 8,627 X]_2^60 
+ 2,149 Xi2^60 3,163 ^i^^60 4,166 x^^^^o 
+ 2,926 Xi6^6o + 2,192 =17,60 + 2,008 Xi8^60 + 
+ 2,440 =19,60 + 4,048 =20,60 
< 480,169 
< ,9912 =19^29 + 212 
< ,9911 =20,29 1,083 
> .9823 =,^2, 
> *9870 
> ,9887 
> ,9868 =12,59 
> 0 
VjJ 
-fr 
CD 
+ 
< 8,042,662,638 
Figure 21, (Continued) 
Table 1^0. Bnployment by occupation, 19^1 - I960, as forecast by recursive program 
Occu­
pa- Year 
tlon 
code 19^1 1952 1953 1954 1955 1956 195? 1958 1959 I960 
1 
2 
3 
6 
7 
8 
9 
10 
11 
12 
13 
16 
17 
18 
19 
20 
189,953 
104,007 
20,735 
22,647 
31,928 
31,835 
19,471 
18,078 
3,357 
5', 154 
80,634 
58,018 
7,490 
22,007 
381,619 
147,588 
296,648 
6,213 
5,059 
193,270 
105,642 
21,410 
23,213 
34,111 
33,118 
19,743 
18,366 
w 
82;LiJ 
60,836 
8,007 
23,008 
396,355 
158,176 
322,565 
6,325 
5,123 
196,860 
106,646 
21,959 
23,760 
36,562 
34,705 
20,014 
18,496 
h,zo? 
kfè 
84,184 
'l-JS 
24,004 
409,535 
168,764 
320,654 
5^248 
200,618 
107,682 
22,516 
24,271 
39,292 
36,661 
20,285 
18,502 
4,695 
4,126 
7,070 
85,997 
66,472 
9,119 
24,994 
421,049 
179,352 
333,217 
6,561 
5,435 
204,650 
108,749 
23,080 
24,748 
42,314 
39,067 
20,557 
18,507 
5,228 
7;8§ 
87,784 
69,290 
25^53^ 
431,493 
189,940 
5,700 
208,915 
109,944 
25^521 
45,632 
42,042 
20,828 
18,512 
II 
72,108 
10,338 
25,521 
440,433 
200,528 
6,064 
213,391 
111,171 
24,253 
26,243 
47,426 
45,689 
21,099 
18,519 
I'Ml 
9,433 
91,442 
74,926 
10,988 
25,568 
451,688 
211,116 
366,699 
6,955 
6,548 
218,078 
112,426 
24,707 
26,917 
49,201 
50,154 
21,370 
18,524 
7,073 
6,446 
9,797 
93,235 
77,744 
11,663 
25,583 
459,735 
218,225 
375,480 
7,096 
7,177 
223,811 
113,714 
24,717 
55,619 
21,642 
18,528 
7,770 
7,102 
9,798 
95,004 
80,652 
11,890 
25,591 
467,101 
220,126 
383,551 
7,241 
7,980 
228,944 
115,029 
24,730 
57;5&6 
62,302 
21,825 
18,533 
8,507 
7,266 
9,801 
96,750 
80,948 
11,894 
25,606 
476,618 
222,571 
393,893 
7,389 
8,992 
350 
Thousands of persons 
12 (14) 
10 (11) 
(20) 
(9) 
(10) 
(19) 
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Figure 22, Time path of employment 
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Figure 23« Time path of employment 
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Figure 2if. Time path of employment 
3^ 3 
CHAPTER XIII. EVALUifflON MD COMPARISON OP ESTIMATES 
Tables 1I;1 and 1I|2 detail the differences between actual 
employment in I960 and the forecasts generated using the naive 
model and the recursive programming model, respectively. 
Table li|.l. Employment by occupation, I960, actual and as 
forecast by naive model, absolute and percentage 
differences as deviations from actual^ 
Occupation 
code 
Actual 
employment 
Forecast 
employment 
Difference Percentage 
difference 
1 
2 
3 
I 
6 
7 
8 
9 
10 
II 
12 
13 
1^ 
16 
17 
18 
19 
20 
219,200° 
117,000 
25,000 
26,000 
66,000 
70,000 
20,300 
17,300 
8,000 
8,000 
9,000^ 
92,220% 
82,500 
12,^00 
25,000 
504,000 
206,000 
375,000 
6,000 
11,000 
213,408 
118,560 
24,836 
25,811 
5Y,493 
72,193 
21,913 
18,578 
6,046 
5^307 
9,333 
83,925 
83,380 
11,928 
25,725 
530,518 
184,630 
434,356 
10,706 
9,020 
5,792 
1,560 
164 
189 
10,507 
2,193 
1,613 
1,278 
1,954 
2,693 
333 
572 
725 
26,518 
59\3S% 
2,706 
1,980 
2,6 
1.3 
- 0.7 
- 15!^ 
3.1 
7.9 
7.4 
- 24.4 
- 33.7 
3.7 
- 9.0 
1.1 
- 4.6 
2.9 
5.3 
- 10.4 
15.8 
33.8 
- 18,0 
^Source: Column 1 (107, page I4) Column 2 (Table 77). 
^Adjusted for inactives. All other data for actives only 
in original source. 
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Table lij.2. Employment by occupation, I960, actual and as 
forecast by recursive program, absolute and 
percentage difference as deviation from actual^ 
Occupation Actual Forecast Difference Percentage 
code employment employment difference 
1 219,200^ 228,944 
2 117,000 115,029 
3 25,000 24,730 
4 26,000 28,134 
5 68,000 57,506 
6 70,000 62,302 
7 20,300 21,825 
8 17,300 18,533 
9 8,000 8,507 
10 8,000 7,266 
11 9,000^ 9,801 
12 92,220° 96,750 
13 82,500 80,948 
14 12,500 11,894 
15 25,000 25,606 
16 504,000 476,618 
17 206,000 222,571 
18 375,000 393,893 
19 8,000 7,389 
20 11,000 8,992 
9,7# 
1,971 
270 
2,134 
l;i 
1,233 
507 
734 
801 
i:m 
606 
60 6 
27,382 
16,571 
18,893 
611 
2.008 
4.4 
1.7 
1.1 
8.2 
15.4 
11.0 
7.5 
7.1 
6.3 
9.2 
8.9 
4.9 
1.9 
4.8 
M 
5.0 
7.6 
18.3 
^Source: Column 1 (107, page 14) Column 2 (Table li].0) . 
^Adjusted for inactives. All other data for actives only 
in original source. 
The naive model forecast total employment for the twenty 
occupations considered with an error of 2.3^, while the re­
cursive program forecast the same magnitude with an error of 
only .02^. These figures are not meaningful, however, in 
comparing the two forecasts. For the naive model, the average 
absolute percentage difference was 10.10^, while for the 
3^  ^
recursive program this was 6,96^, The average negative per­
centage difference for the naive model is 11.96^, while the 
average positive difference is 8,23^, The comparable figures 
for the recursive program are J,6L\.% average negative differ­
ence and 6,27^ average positive difference. Because differ­
ences are defined as forecast minus actual, both models there­
fore exhibit a conservative bias. Percentage deviations are 
larger for those occupations where the forecast underestimates 
employment than for those where the forecast is an overesti­
mate, on the average. 
Both models overestimated employment in ten occupations 
and underestimated in the other ten. They did not both under­
estimate on the same occupations, however. There are ten 
occupations for which one model overestimated employment while 
the other underestimated. The fact that both forecasts con­
tain as many positive deviations as negative deviations is 
simply a random occurrence. Many of the percentage deviations 
are so small that the sign is not really meaningful. 
The recursive program appears to be the more consistent 
of the two models in forecasting. The naive model had per­
centage errors in excess of ten per cent for seven occupa­
tions, and the recursive program for only three occupations. 
The naive model had percentage errors in excess of twenty per 
cent for three occupations, while the largest percentage 
deviation for the recursive program was 18,3^. The standard 
error of the absolute percentage deviations was 10,i}. for the 
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Table 11|2, Employment by occupation, I960, actual and as 
forecast by recursive program, absolute and 
percentage difference as deviation from actual^ 
Occupation Actual 
code employment 
Forecast 
employment 
Difference Percentage 
difference 
1 219, 200^ 228,944 9,744 4 .4 
2 117, 000 115,029 - 1,971 1 .7 
3 25, 000 24,730 270 1 .1 
h 26, 000 28,134 2,134 8 .2 
5 68, 000 57,506 - 10,494 15 .4 
6 70, 000 62,302 - 7,698 11 .0 
7 20, 300 21,825 1,525 7 .5 
8 17, 300 18,533 1,233 7 .1 
9 8, 000 8,507 507 6 .3 
10 8, 000 7,266 734 9 .2 
11 9, 000^ 9,801 801 8 .9 
12 92, 220° 96,750 4,530 4 .9 
13 82, 5oo 80,948 - 1,552 1 .9 
li| 12, 5oo 11,894 — 606 4 .8 
15 25, 000 25,606 606 2 .4 
16 504, 000 476,618 - 27,382 5 .4 
17 206, 000 222,5:71 16,571 8. .0 
18 375, 000 393,893 18,893 5 .0 
19 8, 000 7,389 611 7 .6 
20 11, 000 8,992 2,008 18 .3 
^Source: Column 1 (107, page llj.) Column 2 (Table l^O). 
^Adjusted for inactives. All other data for actives only 
in original source. 
The naive model forecast total employment for the twenty 
occupations considered with an error of 2.3^, while the re­
cursive program forecast the same magnitude with an error of 
only ,02^. These figures are not meaningful, however, in 
comparing the two forecasts. For the naive model, the average 
absolute percentage difference was 10.10^, while for the 
3^  ^
recursive program this was 6,960. The average negative per­
centage difference for the naive model is 11.960, while the 
average positive difference is 8.230. The comparable figures 
for the recursive program are 7,61^% average negative differ­
ence and 6,270 average positive difference. Because differ­
ences are defined as forecast minus actual, both models there­
fore exhibit a conservative bias. Percentage deviations are 
larger for those occupations where the forecast underestimates 
employment than for those where the forecast is an overesti­
mate, on the average. 
Both models overestimated employment in ten occupations 
and underestimated in the other ten. They did not both under­
estimate on the same occupations, however. There are ten 
occupations for vftiich one model overestimated employment while 
the other underestimated. The fact that both forecasts con­
tain as many positive deviations as negative deviations is 
simply a random occurrence. Many of the percentage deviations 
are so small that the sign is not really meaningful. 
The recursive program appears to be the more consistent 
of the two models in forecasting. The naive model had per­
centage errors in excess of ten per cent for seven occupa­
tions, and the recursive program for only three occupations. 
The naive model had percentage errors in excess of twenty per 
cent for three occupations, while the largest percentage 
deviation for the recursive program was l8,30. The standard 
error of the absolute percentage deviations was 10,1). for the 
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naive model and l|o3 for the recursive program. The mean of 
the algebraic percentage deviations was -1,88^ for the naive 
model, and -.69^ for the recursive programming model. The 
standard error of the algebraic percentage deviations was 
for the naive model and 6,3 for the recursive program. 
Given the nature and quality of the input data, I would 
establish the arbitrary figure of 5^ error as a standard of 
accuracy. That is, any occupation for which the forecast was 
within of actual employment in I960 will be considered to 
have been forecast "accurately". Many of the errors of and 
less are probably due to "accident" or compensating errors in 
estimating several parameters, but little knowledge can be 
gained regarding the workings of the model or possible flaws 
in its specification by analyzing these occupations. If the 
percentage error is less than 5^, the difference could easily 
be due to poor data rather than an incorrect forecasting pro­
cedure, The analysis proceeds by considering the individual 
occupations in turn. Occupations for which the percentage 
error in forecasting was less than are generally ignored. 
The naive model underestimated employment of physicians 
in I960, while the recursive program provided an overestimate. 
Both forecasts are within the limit, however. The estimate 
using the naive model is dependent primarily upon the forecast 
of physician productivity (Figure 3). This error is probably 
due to the arbitrary choice of the 1950 index of output as the 
intercept for the trend line, o/P = 230,39 + 3«01 t (Figure 3)« 
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Since employment as forecast by the recursive program is 
supply determined (Table 143), the overestimate using this 
program is due to the specification of the supply constraint. 
Since the error is less than no further analysis will be 
made of the reasons for this overestimate. 
The naive model forecast employment for dieticians and 
nutritionists very accurately, while the recursive program 
overestimated by 8,2^, This could be due to two causes. The 
forecast of demand for I960 may be too high. Alternatively, 
the demand forecast may be accurate, but substantial excess 
demand may have existed in I960, In this case the supply 
constraint was estimated incorrectly. It appears that the 
estimate of 1950 demand was, if anything, a conservative esti­
mate, Despite data which indicated that excess demand in 
hospitals was 32.5% of employment (Table 29), we assisted that 
excess demand for this occupation in service code seven was 
zero (Table 36). The 19^0 demand coefficients were assumed 
unchanged from 195b to I960 (Tables 38 and 8i|). It is possible 
that some of these demand coefficients declined during the 
19^0 - i960 period, but no basis exists to substantiate this, 
I believe that the supply forecast is at fault. Although the 
forecast of additions to the occupation is certainly crude, I 
believe that the forecast of deletions is the source of the 
problem. Since the occupation is composed primarily of fe­
males , we could not assume the death rate as the deletion 
rate, i,e, the concept of gross supply is not very meaningful 
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for this occupation. Hence, we used the U.S. Women's Bureau 
estimate of a 6.6^ annual drop-out rate to forecast deletions. 
As noted in the original source (130, page ^7), this forecast 
was probably too low, A drop-out rate of 1% would have re­
duced the error in the employment forecast below the ^io level. 
Both models underestimated employment for medical labora­
tory technicians and technologists by over Note that 
growth in this occupation was very great over the 1950 - I960 
period. The number of persons employed more than doubled over 
the decade (Tables 19 and lifl) , Since the forecast I960 de­
mand coefficients are virtually identical to the forecast I960 
technical coefficients (Tables 76 and 8ij.), and employment is 
demand determined, it is not surprising that both models yield 
similar results. This leads to the suspicion that both models 
may be expected to forecast inaccurately in the case of occu­
pations which are subject to very rapid growth over the fore­
cast period. Indeed this would not be a very surprising re­
sult, as most forecasting models suffer from this defect. Yet 
the generalization may not be entirely true, as the recursive 
program forecast employment of psychologists with only a 6.3^ 
error (Table llj.2), while employment in this occupation in­
creased by 167^ over the decade considered. The primary prob­
lem resides in the fact that technical coefficients for med­
ical laboratory technicians and technologists were forecast on 
the basis of data for the census years only. This necessi­
tated the use of a linear trend, while the double log 
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transformation would have been appropriate in the case of 
"growth" occupations. If more data were available for time 
points in the 1940 ~ 19^0 period, a nonlinear trend in the co­
efficients mlRht have been apparent. It cannot be proven, of 
course, but I would ascribe the poor performance of both 
models in forecasting employment in occupation code five to 
data inadequacies. 
Another comment is in order. By analyzing 195^9 forecast 
employment (Table li|.0) and the constraint for the I960 run of 
the recursive program (Figure 21), we can derive that forecast 
supply for i960 was only ^8,272, Even if the demand forecast 
were larger, the recursive program would still have yielded an 
employment forecast llj..3^ below the actual employment figure 
for occupation code five of 68,000 (Table llj.2). The supply 
constraint was estimated using a nonlinear trend to forecast 
graduates, but the available data in the base period of 194^ -
19^0 was not a sufficient indication of the true rate of in­
crease. The forecast of graduates was obtained by coding time 
194^ = 1.0, 1946 = 1.1, and so forth. A more rapid rate of 
increase would have been obtained by a coding such that 1945 = 
1.00, 1946 = 1.01, and so forth, but the former coding pro­
duced a higher correlation coefficient. This example is an 
illustration of the limited usefulness of projection tech­
niques, even if nonlinear trends are assumed. 
The recursive programming model underestimated employment 
of x-ray technicians in I960 by 11.0^. This is due to the 
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specification of the supply constraint, as total demand (Table 
85) in i960 is greater than actual employment (Table li|2), 
Yet we forecast additions to supply to be increasing at an 
increasing rate. There were only 923 graduates in x-ray tech­
nology in 195*0 (Table 10L|.) and we forecast 6,855 graduates in 
i960 (Table 105). Even this was inadequate. This example 
again illustrates the limited usefulness of projection tech­
niques, Eumbers of graduates in x-ray technology apparently 
did not increase following the same pattern in 1951 - I960 as 
was true of 1945 - 1950, It should be noted that the "poor" 
forecast of employment of x-ray technicians in I960 does not 
detract from the usefulness of the forecast for policy making 
purposes to any great extent. The model states that demand in 
i960 will be over 72,000 workers (Table 85), and that ^ 
supply increases in the 1951 - I960 period following the pat­
tern of the past, employment will be 10,000 less than demand. 
The obvious policy implication is to train more persons as 
x-ray technicians. Policy implications will be discussed more 
fully in the following chapter. 
Both models overestimated employment of opticians, lens 
grinders, and polishers by over 7%, Since the technical coef­
ficient and demand coefficient for this occupation are identi­
cal (Tables 76 and 8i).), and employment is demand determined 
(Table 11|3), an analysis of the forecast of employment is 
synonymous with an analysis of the forecast of the technical 
coefficient. This latter magnitude was forecast on the basis 
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of data for the census years only. It is possible that time 
series postwar data on employment in this occupation would 
have yielded a more accurate forecast. In any event, since 
the technical coefficient is forecast on the basis of such 
fragmentary data, one cannot gain any insights into possible 
deficiencies in the model by analyzing the employment forecast 
for this occupation. 
Optometrists is the only occupation which experienced an 
actual decline in numbers employed from 195^0 to I960 (Tables 
19 and 1I|.2), Neither model forecast a decline, although both 
forecast very low rates of increase. The technical coeffi­
cient, which is also the demand coefficient in this case, was 
again estimated on the basis of data on the census years only. 
The comments made above regarding opticians apply to optome­
trists as well. It should be noted that decreases were fore­
cast in the technical coefficients for both of these occupa­
tions, but the forecast rate of decrease was not large enough. 
It would probably be preferable to forecast productivity in­
creases for these occupations instead of simply projecting 
technical coefficients, if data were available to allow this. 
The naive model underestimated employment of psycholo­
gists in I960 by over This is due to a lack of data. 
The technical coefficient (Table 76) was forecast on the basis 
of data for the census years only. This technique does not 
allow the estimation of a nonlinear trend, which would have 
been appropriate since occupation code 9 is obviously a 
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growth^' occupation. It may be noted that if one had forecast 
a percentage increase in technical coefficients for the 19^0 -
i960 period equal to the percentage increase from 19Z|0 - 195b, 
a more accurate forecast would have been obtained. This would 
have been a type of nonlinear trend. The use of this type of 
method would have been inconsistent with methods used in other 
occupations when time series data was not available. The 
method of equal percentage increases could be used, however, 
in cases where empirical information is limited, but qualita­
tive information indicates that some magnitude is increasing 
at an increasing rate. The recursive program overestimated 
employment for this occupation by 6,3^ (Table lij.2). The de­
mand forecast (Table 85) is slightly over 1,000 persons 
greater than the actual employment in i960 (Table 1^2), but we 
cannot infer anything regarding the accuracy of this estimate. 
It seams likely that 9,000 psychologists could have been em­
ployed in the health field in I960, had they been available. 
It is probably the supply forecast which is inaccurate, and 
considering the fact that this is a "growth" occupation, 6,3^ 
error is, in my judgement, very acceptable performance. 
Both models underestimated the employment of occupational 
therapists, but the naive model underestimated by a much 
greater margin. In the case of the naive model, this error 
represents a poor specification of variables at some point, 
or possibly illustrates again the limitations of projection 
techniques. Even if the assignment of those occupational 
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therapists not employed in nervous and mental hospitals to 
"other" hospitals is not correct, the fact still remains that 
no trend is apparent in the number of persons employed (Table 
60), Even if we consider the total employment for this occu­
pation in all service codes, there is nothing to indicate that 
employment would be expected to grow from 2,300 in 195^0 (Table 
60) to 8,000 in i960 (Table 1I|1). It is possible that a more 
accurate forecast would have been generated by the naive model 
if a longer time series on employment were available, althou^ 
it must be noted that wartime data would be nontypical. The 
nonlinear nature of the trend in technical coefficients for 
this occupation is due to the influence of wartime emergency 
training courses and army schools, as indicated in the foot­
notes to Table 113. These factors should have been considered 
in forecasting the technical coefficients. This would have 
allowed the forecasting of a rate of increase for the tech­
nical coefficient for occupational therapists in "other" hos­
pitals, and may have increased the demand coefficient for this 
category as well. If demand increased enou^ to make employ­
ment supply determined, the forecast using the recursive pro­
gram would have differed from actual employment by only 2,7^, 
as computed from Table llfO and the supply constraint for this 
occupation in i960 (Figure 21). 
Both supply and demand as forecast using the recursive 
program were larger than actual employment of physical thera­
pists in i960. The supply forecast for this occupation was 
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based upon an assumed linear trend in the number of students 
enrolled in physical therapy curricula and a constant survival 
rate. It is possible that the apparent linearity in the 
series on number of students enrolled is spurious, and that 
greater heed should have been given to the influence of war­
time emergency courses and military schools (Table 11^), The 
forecast for this occupation illustrates the dangers of using 
a short time series as the basis for projection. 
The naive model underestimated employment of dentists in 
i960 by 9.0^, This is probably due to a failure to weight 
supply considerations heavily enough in forecasting technical 
coefficients. Alternatively, the forecast increase in produc­
tivity using the 1935^ - 191^0 rate of change may have been too 
high. It may be recalled (Figure i|) that the 19^6 - 1950 
period exhibited a decline in the index of output per dentist, 
although no trend is apparent in the series on indices of out­
put for this period (Table 18), I cannot explain the peculiar 
behavior of the index of output per dentist in the immediate 
postwar years, but if the factors causing the irregular trend 
were known we might be able to make a "better" forecast of 
output per dentist. Since our index of productivity is de­
rived by deflating an index of gross earnings by an index of 
fees, any changes in collection practices or expenses will 
cause changes in the productivity index. The irregular trend 
in the productivity index may have been diza to some combina­
tion of these factors. 
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The naive model  forecast  employment of  professional  
nurses to be s l ightly over greater  than actual ,  while the 
recursive programming forecast  was off  an equivalent  amount in  
the other direct ion.  Nothing new can be learned from ana­
lyzing the forecast  from the naive model ,  but  a  curious result  
is  noted in the generat ion of the forecast  using the recursive 
program. This is  the fact  that  the supply constraint  for  pro­
fessional nurses was not binding for the years 1953 - I960 
(Table l i |3) .  This  te l ls  us that  even i f  supply were in­
creased,  no more nurses would be hired.  Demand in  i960 was 
substantial ly greater  than actual  employment in  that  year 
(Tables 85 and 1^2),  but  the program tel ls  us that  the 
weighted squared percentage deviat ion of actual  employment 
from demand was so small  relat ive to the same f igure for  other 
occupations that  the health industry "preferred" to expend i ts  
funds on hir ing more persons in other occupations rather  than 
in hir ing more professional  nurses.  We would intui t ively 
think of nurses as being in short  supply,  and i t  is  contrary 
to usual  preconceptions to think of this  as being a labor 
surplus occupation.  One must  beware of  this  type of thinking,  
as the purpose of empirical  research in most  cases is  to test  
the val idi ty of preconceptions.  
In this  case,  however,  i t  appears that  the preconception 
is  correct  and there is  some error  in the conceptualizat ion or  
applicat ion of the model .  Taking al l  the net  increments to 
the nursing profession for  1951 -  I960 (Table I27) and adding 
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to 1950 employment (Table I9) yields a forecast  total  supply 
of 503,607 for  i960, which is  very close to the actual  employ­
ment f igure for  that  year of  50l | ,000 (Table l i j .2) .  The fore­
cast  of  the supply of  nurses is  probably the best  supply fore­
cast  contained in this  paper,  because i t  uses the most  sophis­
t icated method and some of  the best  data.  Thus,  i t  appears 
that  employment should have been supply determined.  This 
error  could derive from two possible sources.  The use of 
relat ive wage rates as weights  in the object ive function may 
not  be the proper measure of  the "relat ive urgency" of re­
ducing excess demand as  a  percentage of total  demand for  any 
occupation.  As previously discussed,  relat ive wage rates are 
only a  proxy for  the true weights .  Alternatively,  the problem 
may reside in a poor est imate of total  demand,  I  ascribe to 
this  lat ter  explanation,  I  suspect  that  i f  t ime series data 
on total  demand were available for  professional  nurses in 
health service code one in part icular ,  a  larger total  demand 
for  i960 would have been forecast  for  the occupation as a  
whole.  I t  should be noted that  an error  of in  the em­
ployment forecast  is  s t i l l  "reasonable" performance for  a 
forecast ing model .  Also,  i t  is  true that  excess demand as  a  
percentage of employment in  19^0 was small  for  professional  
nurses relat ive to many other  occupation categories (91,  pagQ 
and Table 29), Wage rates for  professional  nurses are low 
relat ive to several  other  occupations requir ing similar  
amounts of  t raining (Table 132),  A large reservoir  of  
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inact ive nurses exists .  If  excess demand were very large,  
wage rates would be expected to r ise.  This in turn should 
el ici t  a supply response in this  case.  The model  did not  
forecast  correct ly,  but  i t  probably came closer  to being cor­
rect  than popular  preconceptions would indicate.  Excess de­
mand for  nurses probably ^  small ,  relat ive to other occupa­
t ion groups,  
Neither  model  forecast  employment of  pract ical  nurses 
very accurately,  as  evinced in Tables 1I |1 and l l j .2.  The over­
est imate by the programming approach may be due to the lack of 
an effect ive supply constraint  or  an inaccurate forecast  of  
demand.  Throughout the forecast  period,  i t  may be Assumed 
that  entry into the pract ical  nurse occupation was increasing­
ly restr icted to those personnel  properly t rained.  The impact  
of  this  effect  is  extremely diff icult  to predict  on the basis  
of  information available in 195^0.  Part  of  the diff iculty may 
be due to the specif icat ion of the occupational  classif icat ion 
used in the model .  Some data sources,  for  example (107,  page 
l l j . ) ,  aggregate aides,  orderl ies  and at tendants,  leaving prac­
t ical  nurses as a  separate classif icat ion.  Other sources,  for  
example (20,  page 122),  aggregate pract ical  nurses and at tend­
ants .  As previously noted,  there was a  t rend toward merging 
pract ical  nurses and at tendants in 19^0,  so that  t raining and 
l icensing requirements would be the same (91,  page 1^2),  I t  
may be that  more accurate forecasts  would have been obtained 
i f  I  had used ^pract ical  nurses and at tendants" as an 
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occupation category.  This comment i s  part icularly appropriate 
with respect  to the forecast  generated using the naive model .  
Although no effect ive supply constraint  was est imated for  
aides,  orderl ies ,  and at tendants,  and I960 demand was almost  
18% greater  than actual  employment in  that  year (Tables and 
l l | . l ) ,  the recursive programming forecast  of  employment was 
within of actual  employment.  The naive model ,  however,  
c-verest i iaat  ed I96O employment by I  suspect  that  in 
this  case the data is  at  fault ,  and not  the model .  I t  is ,  of 
course,  impossible to determine what  the model  would forecast  
with "accurate" data.  I t  may be noted (Table 73) that  the 
total  number of  aides and orderl ies  employed in al l  hospitals  
increased from [j .7,300 in 19^8 to 83,139 in 19^9.  Simulta­
neously,  the number of  ward maids decreased from 34,008 in 
1948 (19,  page 34) to 24,503 in 1949 (21,  page 37),  Appar­
ently,  there was ei ther  a  change in report ing methods or  a  re­
classif icat ion of a  large number of  employees.  On the basis  
of  this  data (Table 73), substantial  increases were forecast  
in  the technical  coefficients  for  aides,  orderl ies ,  and a t­
tendants in health service codes one and two (Tables 28 and 
76).  If  more accm-ate data were available,  i t  may be assumed 
that  the naive forecast  of  I96O employment would be lower.  No 
other  data exists  to al low cross checking of actual  t rends in 
employment for  this  occupation category.  
The naive model  overest imated employment of  sanitary 
engineers in i960,  while the recursive program underest imated.  
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The forecast  using the naive model  is  based upon data for  cen­
sus years only.  The employment of  sanitary engineers did not  
grow as much from 195^0 to  I960 as i t  did from 19^0 to 19^0,  
however.  Possibly this  was due to some subst i tut ion of sani­
tarians for  sanitary engineers in addit ions,  as sanitarians 
employed grew very rapidly from 195*0 to  I960 (Tables 19 and 
141). 
Employment of  sanitary engineers as forecast  by the re­
cursive program is  supply determined.  Hence,  the output  of  
sanitary engineers by t raining establishments increased more 
rapidly than forecast .  This would have had to be determined 
on the basis  of quali tat ive information in 195*0,  assuming that  
i t  could be determined at  that  t ime.  The data regarding grad­
uates of  sanitary engineering courses in the period 1925 -
19^0 (Table 129) is  of "reasonable" quali ty and is  Interpreted 
in a "reasonable" manner.  One other  possibi l i ty exists .  The 
excess demand for  civi l  engineers as  a  whole was decreasing in 
19^0 (91,  page 86),  so a number of  c ivi l  engineers who were 
not  t rained explici t ly as sanitary engineers may have sou^t ,  
and obtained,  employment in  the lat ter  occupation category.  
Both models underest imated the employment of  sanitarians 
by approximately 18^.  This reinforces the suspicion that  both 
models are more unrel iable in forecast ing employment in  growth 
occupations than they are in general ,  as  employment of  sani­
tarians increased by 120^ over the 195^0 -  I960 decade (Tables 
19 and 1I}.1) ,  Although the recursive programming forecast  is  
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supply determined,  the demand forecast  would s t i l l  have caused 
an 18,0^ error  in forecast ing employment even i f  the supply 
constraint  were not  binding.  The technical  coefficient  was 
est imated on the basis  of  data on only two years.  If  t ime 
series data were available,  we might  have been able to discern 
a nonlinear t rend.  The supply forecast  used in the recursive 
program, however,  was based on a  nonlinear t rend.  The comment 
i s ,  again,  that  i f  an accurate forecast  was possible in 1950,  
i t  would have had to be based upon non-empirical  data.  
In summary,  I  would s tate that  the recursive programming 
model  defini tely out-performed the naive model ,  I t  is  an open 
quest ion whether the increased accuracy and amount of  avail­
able information just ify the increased cost  of  using the re­
cursive model .  In general ,  both models forecast  best  for  
those occupations where detai led information was available,  
and performed worst  where fragmentary information was used.  
However,  the abil i ty to forecast  "reasonably well"  using incom­
plete data is  an essential  quali ty for  a useful  model .  De­
spi te  several  s tatements to the effect  that  much more informa­
t ion regarding magnitudes of  interest  in implementing the 
model  developed herein is  available today than in 19^0,  the 
s tate of current  information availabil i t ies  s t i l l  leaves much 
to be desired.  
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CHAPTER XIV. CONCLUSION 
The previous chapter  i l lustrated some of  the types of in­
formation available from an analysis  of  the forecast  generated 
by the recursive programming model .  This  chapter  is  applied 
more direct ly to this  aspect  of  the model ,  as  well  as  to a 
discussion of the usefulness of this  information in policy 
making.  
Usefulness of  the Model as  a  Policy Tool 
The recursive programming model ,  hereinafter  referred to 
simply as "the model",  obviously yields information regarding 
supply of and demand for  personnel  in the target  year .  Note 
that  information is  available on both "ceteris  paribus" demand 
and what  I  shall  term "effect ive" demand.  One may assume that  
the goal  of  the policy maker would be to equate supply to de­
mand by offering various incentives to increase numbers of  
persons t rained in occupations for  which substantial  excess 
demand is  forecast ,  and to remove exist ing incentives,  i f  any,  
for  providing t raining in occupations expected to have a  sur­
plus of labor.  Information useful  in act ing to achieve these 
goals  is  most  conveniently obtained by analyzing the Lagrange 
mult ipl iers ,  which are generated by the recursive program. 
These are l is ted in Table l l j .3.  These mult ipl iers  s tate the 
change in the object ive function caused by increasing the con­
stant  in a supply constraint  by one unit .  
Referr ing to Table 1^3,  we note that  one addit ional  
Table l^J .  Lagrange mult ipl iers  
Occu­
pation 
c ode 19#. 1952 1953 1954 
Year 
1955 1956 1957 1958 1959 i960 
1 308.4 298.1 288.1 277.4 265.5 252.4 239.0 224.1 205.3 189.1 
2 51.7 47.9 43.9 39.6 34.4 29.3 23.7 17.8 12.1 
3 286.4 245.4 204.6 163.3 121.3 77.7 33.9 - - -
h 151.6 140.7 130.1 120.2 111.0 95.5 81.2 67.7 55.2 43.5 
388.8 352.2 315.7 274.9 229.4 178.9 187.4 126.2 59.8 -
6 251.6 242.4 233.2 221.6 206.9 188.5 165.9 137.7 103.0 60.7 
7 197.2 174.6 152.0 129.4 106,6 83.8 61.1 38.2 15.1 -8 37.2 29.4 - - - - — — 
9 5674.7 5230.4 4787.1 4299.7 3769.4 3197.9 2585.9 1932.5 1238.1 504.1 
10 3186.3 2857.3 2529.7 2181.2 1811.7 1418.4 1004.4 569.3 113.1 -
11 1862.5 1609.0 1355.5 1082.9 791.0 477.0 144.1 — - -
12 497.4 479.6 461.9 443.5 425.2 406,0 387.5 368.7 349.9 331.9 
13 33.2 29.1 25.1 21.0 16.9 12.7 8.7 4.4 0.2 -
14 770.9 676 .2 581.8 482.8 379.2 270.4 157.2 39.3 - -
15 224.0 160.5 97.1 34.2 - - - - - -
16 7.9 0.1 - - - - - - - -
17 
1 R 
10.5 8.9 7.4 5.8 4.2 2,6 1.0 - - -
LO
19 2860.2 2786.8 2714.0 2638,6 2560.5 2476.4 2390.1 2300.8 2208.8 2115.2 
20 2001.0 1939.4 1877.8 1785.1 1653.2 1471.5 1229.8 915.1 513.1 6.5 
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physician trained would reduce the value of Z Fr .  (x? ,  -
12 j ^ ' 
Xj £iq)  /  Xj ^qJ by 189.1 units  in I960.  The values of  the 
mult ipl iers  are expressed in the units  of  the object ive func­
t ion,  and are hence pure numbers expressing abstract  values.  
For this  reason,  the mult ipl iers  are often referred to as 
•^ 'shadow prices".  Because of  the abstract  nature of these mul­
t ipl iers ,  the absolute units  are not  very meaningful .  The 
relat ive values are,  however,  useful  in policy making.  Re­
ferr ing again to the I96O column of Table 124.3,  we note that  
the value of the object ive function would be reduced more i f  
one addit ional  dentist  is  trained than if  one addit ional  phy­
sician is  trained.  A Lagrange mult ipl ier  of  zero for  an occu­
pation indicates that  the supply constraint  for  that  occupa­
t ion was not  binding for  the period in quest ion.  Thus,  an 
addit ional  person added to supply would not  decrease the value 
of the object ive function,  as  the health industry is  already 
not  using al l  available personnel .  
The quest ion of which constraints  are slack is  closely 
t ied to the level  of total  resources assumed.  The total  re­
source constraint  was binding in al l  periods in the applica­
t ion of the model  discussed in the previous chapters .  The 
researcher may well  desire to rerun the program several  t imes,  
using different  levels  of  total  resources.  The solut ion ob­
tained from any run of the recursive program represents  an 
optimal solut ion only given the assumed level  of  resources 
available.  A policy maker may well  be interested in answers 
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to quest ions of the form, "If  we were to increase total  expen­
di tures on salaries for  health personnel  by a  mil l ion dollars ,  
where should we expend these funds?".  If  we assume nominal  
wage rates constant  and consider only "small"  increments to 
total  expenditure,  we can answer this  quest ion by analyzing 
the shadow prices.  "Large" increments to total  expenditure 
would require rerunning the program to optimize at  the new 
level  of  total  resources.  
The same type of comment i s  applicable to the supply con­
straints  for  individual  occupations.  The policy maker may ask 
quest ions of the fol lowing nature,  "Given that  we t rain addi­
t ional  dentists  as forecast ,  we wil l  have a total  supply in 
i960 of 96,750 (Table 1^2).  What wil l  be the impact  on man­
power requirements in other occupations i f  we set  up a  system 
of governmental  scholarships designed to increase the supply 
of  dentists  by an addit ional  1,000 persons per  year?" If  
total  resources available for  distr ibution as salaries remains 
unchanged,  this  increase in the supply of dentists  wil l  cause 
more dentists  to be hired,  in turn causing a decline in the 
employment of  persons in other occupations.  In order to as­
certain the magnitude of  this  impact ,  i t  is  necessary to rerun 
the model  using the new supply constraint  for  dentists .  
The model  is  well  sui ted to interim revision of est imates 
based upon recent  data.  This may be done ei ther  annually,  
biannually,  or  as  is  convenient  or  necessary due to observed 
deviat ions from forecast  magnitudes.  The interim revision may 
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amount to  a ful l  recomputat ion of a l l  parameters ,  or  one may 
modify the supply forecast  only,  the demand for  services fore­
cast  only,  or  numerous other  combinations.  I f  demand coeffi­
cients  or  addit ions to supply,  for  example,  are forecast  in  
the form of functions of t ime,  the interim revision can be 
handled by adding data for  the most  recent  year  to the base 
period t ime series and recomputing the regression based on a 
one year longer base period,  or  by adding data for  the most  
recent  year and delet ing the observation for  the earl iest  year 
originally included.  One may also note in the process of  
interim evaluation that  the form of equation previously used 
to forecast  some magnitude is  no longer appropriate.  Perhaps 
a  non-l inear function should be subst i tuted for  a l inear  form, 
or  perhaps some total ly different  independent  variable should 
be used.  Interim evaluation in a planning model  can also 
serve to indicate the extent  to which previous goals  are being 
met,  assuming that  the supply forecast  represents  a desired 
rather  than expected s tate.  
Implicat ions for  Further  Research 
One of  the most  obvious Implicat ions for  further  work is  
to use the model  to  forecast  for  some period into the future,  
say 1970 or 1975". This type of forecast  is  useful  primari ly 
only for  the numbers generated,  however.  Unti l  such t ime as 
the results  of the forecast  can be compared against  actual  
magnitudes,  l i t t le  addit ional  information is  made available 
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regarding the accuracy or  usefulness of the model .  Some addi­
t ional  tests  of the model  which could be performed are dis­
cussed below. 
We could convert  the model  into a non-recursive form by 
simply making one supply forecast ,  namely for  the target  year .  
This has the disadvantage of obscuring the nature of the ad­
justment process and making sequential  analysis  diff icult .  
If  the supply forecast  is  generated for  each year of  the fore­
cast  period,  the researcher can compare forecast  supply with 
actual  supply year by year.  As long as these two magnitudes 
do not  differ  appreciably,  there may be no reason to rerun the 
model  to  forecast  for  the target  year on the basis  of  data 
available subsequent  to the original  forecast .  The determina­
t ion of this  condit ion is  not  very easi ly made i f  supply is  
also forecast  on a  horizon basis .  
This argument could be extended to apply to the demand 
s ide of the market .  That  is ,  instead of forecast ing demand 
only for  the target  year,  we could forecast  demand for  each 
year of  the forecast  period.  This would result  in  the use of  
This Would make the model  more of  a  s imulat ion type of model ,  
and less  of a  planning type of model .  The method has some 
appeal ,  because there is  no specif ic  future data that  the 
health industry is ,  in fact ,  using as a horizon for  planning.  
The census years are natural  select ions for  forecast  dates 
only because of  the nature of much of  the data available.  The 
an object ive function of the form 
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test ing of the model  using annual  demand forecasts  is  sug­
gested as one implicat ion for  further  research,  I  hypothesize 
that  the model  using yearly forecasts  of  demand would not  
yield forecasts  which are as accurate as those obtained using 
the t ime horizon demand concept .  This  is  because errors  would 
tend to cumulate,  unless some provision were made to al low un­
uti l ized supply in one period to re-enter  the model  at  some 
later  point  in  t ime.  The model  as  currently formulated has 
upper bound constraints  on supply of the form < (1 + 
®jMax t -1" ® forecast  of  demand for  any period is  
too low, such that  some port ion of supply was erroneously not  
ut i l ized by the model ,  this  port ion of supply would not  be 
available in later  periods even i f  excess demand in some later  
period is  posi t ive.  This problem, i f  i t  turned out  to  be a  
problem, could be handled by al lowing for  some sort  of  "carry­
over" of unuti l ized personnel  from one period to the next .  In 
general ,  to  make annual  demand forecasts  useful  more and 
bet ter  data is  needed than would be t rue of the horizon type 
of demand forecasts .  
Another interest ing applicat ion of the model  would be to 
use some variat ion of i t  to study the requirements for  physi­
cians,  categorized by f ield of special ty.  There is  consider­
able data available regarding trends in physician special t ies  
(111,  pages 21-29 and 78, pages 160-172),  Several  new prob­
lems Would ar ise in this  formulat ion.  Service categories 
would have to be redefined.  The concept  of  supply would 
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become troublesome, as many physicians are special is ts  in more 
than one f ield.  Special is ts  can always perform the duties of 
general  pract i t ioners,  i f  a surplus of special is ts  in soma 
f ield should develop.  The total  resource constraint  would 
also require respecif icat ion.  
The model ,  or  some variat ion of i t ,  could also be adapted 
for  use in some sub-national  area such as a  s tate or  group of 
s tates.  The parameters  would,  of  course,  have to be re-
est imated,  but  the primary change necessary in the model  re­
lates to the considerat ion of migrat ion of personnel .  For 
some occupations,  good information is  available regarding 
geographical  mobil i ty.  Information is  available,  for  example,  
on the state of pract ice of dentists  classif ied by dental  
school  and year of  graduation (112,  pages 117 -  15'0) .  For 
most  occupations,  however,  this  type of information is  not  
available,  and i t  may be necessary to gather survey data in 
order to forecast  migrat ion.  Most  of  the necessary data wil l  
be more diff icult  to gather for  a sub-national  area,  as  pub­
l ished sources usually provide no regional  breakdown. 
The model  may also be applicable to industr ies  other than 
health,  part icularly industr ies  in which the individual  ent i­
t ies ,  or  "f irms",  cannot reasonably be expected to operate on 
the profi t  maximization principle.  Education may be an act iv­
i ty which could be analyzed using the model  developed herein.  
Decision making in education,  even more than in health,  is  
done by public agencies.  The concept  of  manpower planning is  
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therefore more real is t ic  in education than in manufacturing,  
for  example.  The demand for  educational  services could be 
expressed in terms of numbers of  pupils  in an age category.  
Very good forecasts  of  these magnitudes could be obtained by 
using census data on populat ion.  The model  would be most  
appropriate as a  macroeconomic model  applied to the nation as 
a  whole.  For very small  units ,  such as an individual  school  
distr ict ,  another type of object ive function might  be more 
appropriate.  Some type of constrained cost  minimization,  for  
example,  might  be more meaningful .  
The model  could be expanded into a two way recursive 
system, as previously noted.  An explici t  feedback loop could 
be incorporated,  whereby future supply is  affected by the mag­
ni tude of current  excess demand.  I t  is  possible,  but  not  
necessary,  that  this  can be accomplished by using wage rates 
as a  variable.  If  excess demand is  "large",  or  al ternatively 
i f  i t  increases,  we could cause the model  to  predict  an in­
crease in wage rates.  This increase in wages in turn el ici ts  
an increase in supply.  The specif icat ion of the speed of ad­
justment factors ,  which s tate how much wages r ise due to a 
given change in excess demand and how much and how rapidly 
supply changes in response to a given change in wage rates is  
very diff icult  operat ionally,  A model  such as this  would be 
more at t ract ive theoret ical ly,  but  might  be less accurate as a  
forecast ing model .  Yet ,  I  believe the development of  such a 
model  Would be of  interest  purely as a  s imulat ion at tempt.  
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Care would have to be exercised in the select ion of included 
occupations,  as  the data requirements are very s tr ingent .  One 
could bypass the wage changes,  and est imate a supply response 
to excess demand condit ions direct ly.  The est imation of the 
speed of adjustment factor  is  s t i l l  a problem. 
These examples i l lustrate some ideas for  further  research 
which have occurred to me in the process of  performing this  
study.  I t  may be noted that  many of  these variat ions of the 
model  are designed to answer quest ions other  than the problem 
of interest  in the bulk of this  study,  namely the forecast ing 
of manpower requirements in the health occupations on a  na­
t ional  scale.  Given the s tate of data availabil i ty exist ing,  
I  believe that  the recursive programming model  previously pre­
sented is  the most  useful  of  the al ternatives I  have con­
sidered for  analyzing the problem to which this  study has been 
addressed.  
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